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THE BOTANICAL REVIEW 


INTRODUCTION 


The present review is intended as a sequel to that developed by 
Myers (419) 14 years ago. For convenience, the general outline of 
the earlier review is also followed here. Recent reviews are available 
on the subjects of chromosomal interchange (79), apomixis (249, 
459), cytoplasmic male-sterility (176) and breeding of forage grasses 
(264, 280, 560). These topics, therefore, are given only supplementary 
treatment in the present review. 

The literature on the genetics and cytogenetics of the cereal grasses, 
including Avena sativa, Hordeum vulgare, Oryza sativa, Secale cereale, 
Triticum species, Zea mays and most hybrids involving these cereals, 
is considered beyond the scope of the present review, even though 
some investigators have regarded such hybrids of interest as forage 
plants (20). The term “forage grasses” is used in the broadest sense, 
since many of the genera and species included in the present review 
are only occasionally grazed. The reader is referred to Darlington and 
Wylie (167) for chromosome numbers of 21 species of Triticum and 
7 species of Secale not included here. 


KARYOTYPE ANALYSIS AND PHYLOGENY 


Size remains the chief morphological feature of chromosomes in- 
vestigated to date. Even though much cell to cell size variation in 
chromosomes may be observed, owing to the particular mitotic stage 
represented, there are striking differences in chromosome size among 
genera (550, 606, 607, 609, 611, 616, 617, 634). Recent progress in 
karyotype analysis and its relation to phylogeny has been made (547). 
Kihara (335) provided a complete classification of the genus Aegilops. 
The genomes involved are C, D, M and S which appear singly in the 
diploid species and in various combinations in the tetraploid and hexa- 
ploid species. SAT-chromosomes of 20 species of Bromus were classi- 
fied according to the type and numbered from I to XIV. Tandem- 
satellites have been observed in the genus Bromus (538). Relative 
arm lengths, total chromosome length, and position and lengths of satel- 
lites of the karotypes of 10 species of Bromus were also reported 
(537). In Lolium the analysis, particularly of size and symmetry of 
chromosomes (193), provided the basis for the suggestion that the 
genus be divided into 3 parts: (a) temulentum-remotum, (b) perenne- 
multiflorum and (c) rigidum. L. rigidum and L. perenne were sepa- 
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rated by qualitative chromosomal distinction. Naylor and Rees (430) 
found that the chromosomes of L. temulentum averaged about one- 
third longer than those of L, perenne. The appearance of frequent un- 
paired loops at pachytene in the interspecific hybrid also confirmed 
chromosome length differences between these species. 

Studies of Hordeum (465) confirmed that each of the 7 pairs of 
chromosomes of several strains of Hordeum agriocrithon had character- 
istic length and shape, and some were further distinguished (409, 
632) by satellites, filaments, knobs or achromatic regions. For Digitaria 
adscendens (2n = 54) and D. chinensis (2n = 18), detailed karyo- 
typic analysis supported the view that the basic number of the genus 
was 9 (605). In Briza minor (608) the 5 pairs of chromosomes were 
distinguished by size and other characters. The seven haploid chromo- 
somes of Pennisetum typhoides were distinguished on the basis of 
total length and position of the centromere (476). A chromosome from 
group # and one from i seemed to be involved in the segmental 
interchange reported by Pantulu (476). 

Analysis of the karyotype of Sorghum almum indicated that the 
range in somatic chromosome length was 1.9 to 3.6% (527). The 10 
chromosomes of Sorghum subglabrescens have been distinguished 
(633) by varying lengths of deeply staining proximal regions and 
lightly staining distal regions of the arms at pachytene. It was also 
noted that early prophase pairing and diplotene separation occurred 
earlier in the deeply staining regions. This behavior, however, may be 
more a function of the centromere than of the other features of the 
chromosomes. Chiasmata did not appear to be restricted to any part 
of the chromosomes. A haploid that arose from an attempt to cross 
Sorghum vulgare with S. arundinaceum provided evidence of gross 
rearrangement of at least one chromosome (192). In this plant a 
reciprocal translocation was attributed to crossing-over in interstitial 
duplicate regions of two partially homologous chromosomes. A recent 
cytogenetic analysis of several 20-chromosome Sorghum species (548) 
revealed a range of 6 to 14 chromosomes with secondary constrictions 
or satellites. Since different collections of S. subglabrescens had 6, 8 
and 10 chromosomes with secondary constrictions, and forms of S. 
durra had 6, 10 and 14 such chromosomes, it appears that this charac- 
teristic has little karyotaxonomic significance in Sorghum. The relative 
meiotic stability of several 40-chromosome Sorghum species has been 
evaluated by Celarier (109). S. almum was meiotically less regular 
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than other species of the Halepensia subsection. It had more I's, III's 
and IV’s, but fewer II's, and was characterized by the most interstrain 
variation in meiotic behavior. 

Karyotypic peculiarity, in addition to the annual habit and sterility 
barrier, supported the generic status given to Eremopyrum (532). 

Recent studies (384) revealed that the centromeres in all 7 chromo- 
somes of Agropyron triticeum are sub-terminal. Earlier workers had 
suggested on grounds of plant morphology that A. ¢riticewm was the 
source of the B-genome of the tetraploid and hexaploid wheats. It is 
well known that chromosomes of the B-genome of wheats have median 
or submedian centromeres. Therefore, on the basis of chromosome 
morphology, A. triticeum does not appear to be the donor of the B- 
genome of Triticum. Cauderon (101) illustrated idiograms of Agro- 
pyron campestre, A. caninum, A. elongatum, A. junceum boreo-atlanti- 
cum, A. junceum mediterraneum and A. repens, indicating characteris- 
tic centromere locations, size of chromosomes and occurrence of satel- 
lites. On the basis of these studies he concluded that there are certain 
analogies between A. elongatum, A. intermedium and A. junceum, be- 
tween A, campestre, A. intermedium and A. littorale, between A. 
campestre and A. repens, and between A. repens and A. caninum. Proof 
of autosyndetic pairing of Agropyron intermedium chromosomes has 
been obtained from studies of meiosis in the F,, Secale cereule x A. 
intermedium (587). In this hybrid the Secale chromosomes were suf- 
ficiently larger than the Agropyron chromosomes so that the pairing 
among short chromosomes definitely could be ascribed to autdsyndesis. 
This illustrates the value of knowing the relative chromosome sizes in 
parents of wide crosses in making a cytogenetic analysis of the hybrids 
(587). 

Quadruple structure of the centromere has been demonstrated (622 ) 
for a number of genera, including Hordeum, Triticum and Triticale. 
Positive correlation between size of chromosomes and size of their 
centromeres was suggested. No centromeric bodies were detected in 
species with small chromosomes, possibly because of extreme con- 
traction. 

Species of Phalaris were observed to vary in position of the centro- 
mere as revealed by the absence of I- or J-shaped chromosomes in 
P. aquatica and P. coerulescens and occurrence of both types in P. an- 
gusta, P. caroliniana, P. paradoxa and P. pratensis. P. arundinacea, P. 
minor, P. nodosa and P. tuberosa had secondary constrictions in two 
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chromosomes, P. californica in only one. P. brachystachys and P. cana- 
riensis had I-shaped chromosomes and P. truncata lacked these (9). 
Hanson and Hill (265) reported that 12 of the chromosomes of P. 
minor were small and the other 16 large, and that there was some 
variation in size of chromosomes in, P. tuberosa. 

Marked intrageneric similarities in karyotypes have been reported 
for Eleusine indica, E. coracana, E. aegyptiaca; Setaria italica, S. verti- 
cillata, S. glauca; Pennisetum typhoideum and P. orientale (546). Two. 
pairs of satellited chromosomes characterized Melica magnolii (369). 
Tateoka and co-workers of Japan have compared the sizes of chromo- 
somes of many grasses and supplied information about centromere 
location in several. Overlapping characteristics were demonstrated for 
Lepturus and Monerma which are karyologically widely different (616). 
Based on external morphology, they were believed to be congeneric, 
but Tateoka (616) has suggested their separation. Nucleoli numbers, 
satelliced chromosomes and chromosomes with secondary constrictions 
have been determined for a number of species of Danthonia (657). 

A new approach to a study of the relation between cell charac- 
teristics and grass systematics (73) was made in an analysis of per- 
sistence of nucleoli in 45 species of Gramineae, representing 39 genera. 
All root tips examined of the sub-family Panicoideae had nucleoli per- 
sisting through metaphase of mitosis in some, but not all, cells. Among 
the Festucoideae, on the other hand, no persistent nucleoli were found. 
Among the heterogeneous group designated Phragmitiformes by Av- 
dulov, the genera Stipa, Arundo and Danthonia showed no nucleolar 
persistence to metaphase, whereas Uniola, Oryza, Zizania and Arun- 
dimaria were more closely affiliated with the Panicoideae for nucleolar 
persistence and other characters. The significance of these cytological 
differences was not readily evident but they were presented as addi- 
tional differentiating characters of the two sub-families. 

The information on relative length of chromosomes of grass species 
has been summarized (169) and may be of interest to the karyo- 
taxonomist. Valuable data on karyotypes of grasses are accumulating 
along with anatomical characteristics, and there is some reason to be- 
lieve that taxonomists, cytogeneticists and plant anatomists may cor- 
relate the total information and develop a more realistic and readily 
accessible phylogenetic treatment of the Gramineae. Caution is neces- 
sary in comparing chromosome-size information of different investi- 
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gators, since it is well established that fixatives and temperatures may 
have marked effects on chromosome contraction. 

Pilger (485), while recognizing the value of cytological as well 
as anatomical characteristics, emphasized that these should be subsidiary 
to morphological characters in any taxonomic treatment. Pilger made 
certain fundamental changes in his taxonomy of the Gramineae, be- 
ginning with sub-families and the outstanding reclassification of genera 
earlier assigned to the Agrostideae. 


CHROMOSOME NUMBERS 


Chromosome numbers are reported here for more than 1,550 grass 
species. Species are not listed for which more recent reports are in 
agreement with the chromosome number recorded by Myers (419). 
Chromosome-number determinations of different collections of some 
160 species listed by Myers, however, have resulted in new counts, 
and such species are preceded by an asterisk in Table II. 

The writers have followed Hitchcock (294) insofar as possible in 
handling taxonomy. The arrangement of the genera, however, is al- 
phabetical with species listed alphabetically within genera. 

In 9 species the somatic chromosome numbers are multiples of 4; 
in 413, 5; in 128, 6; in 572, 7; in 11, 8; in 290, 9; in 48, 11; in 6, 
13; in 9, 17; in 18, 19; and in 2, 23. Additional species within genera 
had numbers or series of aneuploid numbers that made assignment of 
a basic number particularly hazardous. Some of the species listed as 
having x = 5 or x = 6, may have x = 10 or x = 9 or 12, respec- 
tively. The occurrence of B-chromosomes, apomixis and aneuploidy as 
well as errors in counting or mistaken identification of plants may 
account for some errors in assignment of basic numbers. In the earlier 
review the numbers of species were 163 with 5; 85 with 6; 360 with 
7; 7 with 8; 82 with 9; 3 with 11; 5 with 17; and 7 with 23. The 
differences between the two groups of materials probably reflect sam- 
pling differences among various taxa. Genera within tribes with multi- 
basic complements are not uncommon. Of the genera represented, 
Stipa has probably the largest number of different haploid comple- 
ments. Possibly this genus will undergo further taxonomic treatment 
in the future. 

The lowest somatic chromosome number reported in the Gramineae 
is 8 for Airopsis tenella (220, 365), Agrostis biebersteiniana reported 
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as Zingeria biebersteiniana (38), Agrostis chionogeiton (284) of 
Keniochloa chionogeiton (285), Holcus gayanus (38, 202, 366), Iseal- 
ema laxum (117), Keniochloa hedbergii (393), Milium scabrum (628), 
Molineria laevis reported as Periballia laevis and Molineria minuta 
reported as Periballia minuta (365). Litardiére (365) suggested that 
n = 4 has been derived from n = 5 by fusion of chromosomes. Celarier 
and Paliwal (90) are of a similar opinion, since n = 4 is known only 


in rather advanced grasses. These grasses with unusually low chromo- 
some numbers may prove valuable for detailed cytogenetic analyses 
in studies of effects of environment or artificial irradiation on meiosis. 

In contrast to the low of 2n = 8, unusually high numbers have 
been reported for several grasses, including Alopecurus alpinus and 
A, glaucus 2n = 130 (419%), Andropogon barbinodis (234, 236) and 
A. palmeri (239) 2n = 180, Calamagrostis crassiglumis 2n = 140 
(460), Ctensum concinnum 2n = 160 (662), Danthonia laevis 
2n = 120 (1), Dupontia fisheri 2n = 132 (54), Echinochloa colonum 
2n = 130 (419%), Miscanthus intermedius (3) and M. ogiformis 
2n = 114 (292), Pappophorum bicolor 2n = 100 (239), Paspalum 
floridanum 2n = 160 (419%), Poa irrigata (167*), P. pratensis (245) 
and P. subcoerulea (18*) with 2n = 147 as a maximum, Saccharum 
robustum 2n = 194 (491), Spartina townsendu 2n = 126 (4191), 
Sporobolus airoides 2n = 126 (419*) and the amphidiploid of XS#- 
poryzopsis caduca 2n = 130 (439). 

There are exceptions to the fairly regular x = 7 in Hitchcock's Fes- 
tuceae, including x = 8 in Triodia = Tridens (67), and x = 9 and 
10 in Enneapogon (142, 167*, 658). Eragrostis, Glyceria and Pappo- 
phorum appear predominantly to have multiples of 10. Divergence from 
the usual x = 7 has led to intensive investigation of other basic 
characteristics in the deviant genera. These studies have resulted in 
suggested phylogenetic reorientation (511, 583 and others). Poa spe- 
cies follow a 7-series in their chromosome numbers, but aneuploid 
deviations from polyploid series are propagated as a result of apomictic 
reproduction (278). The genus Uniola, with U. laxa and U. sessiflora 
having 2n = 24 (67), might be x = 6 or 12. 

Of the species of Aristida listed, 20 are x = 11, 7 are x = 12. 
Brachyelytrum is also characterized by x = 11 for two species, and 
thereby may have a cytological relationship to Stipa and its allies that 
have x = 11 (67). Oryzopsis and Stipa may have originated from a 
common stock with x = 6 (316), Two diverging lines with x = 12 
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(or 6) gave rise to Stipa and the Piptatherum section of Oryzopsis. 
An early change to x = 11 tentatively isolated a portion of the x = 12 
(or 6) line leading to Stipa. Within Stipa probably a change from 
2n = 12 to 2n = 10 and subsequent allopolyploidy gave species with 
x = 11 (316). 

Phleum echinatum with 2n = 10 contrasts with x = 7 for all other 
species of Phleum (180). In Chlorideae there is some evidence sug- 
gesting that both Bowteloua and Cynodon (307,567) show intrageneric 
variations in basic number. Recent unpuvlished information (206), 
however, indicates the possibility that the basic number in Cynodon 
is 9, and that other reports may be attributable to chromosome frag- 
mentation. Panicum reptans is the only species in this genus so far 
studied cytologically to have a basic number of 7. x = 9 predominates 
in Panicum. 

Reclassification of certain grasses following karyological studies led 
Tischler (621) to conclude that only a beginning has been made in 
the effort to make basic chromosome number another character for 
developing the taxonomy of the Gramineae. There is evidence to sug- 
gest that chromosome size and basic numbers are sometimes more 


reliable systematic characters than the number of florets in a spikelet, 
a character commonly used by taxonomists. Caution must be exercised, 
however, in the use of chromosome number of apomictic complexes 
as a taxonomic criterion. Sharma and Sharma (547) have emphasized 
the use of improved cytological techniques in evaluating the signifi- 
cance of small chromosomal changes in relation to speciation. 


ACCESSORY, SUPERNUMERARY AND B-CHROMOSOMES 


Several investigators have reported the occurrence of chromosome 
fragments or accessory, supernumerary or B-chromosomes in grass 
species. These extra chromosomes, though differing in some respects, 
have certain characteristics in common, such as shorter length and a 
greater proportion of heterochromatin than is characteristic of the nor- 
mal or “A”-chromosome complement. Another feature of the super- 
numeraries is that, aside from their self-regulating effect on pollen 
mitosis non-disjunction, no evidence has been obtained to date indi- 
cating that B’s carry genes affecting qualitative characters (461). Ef- 
fects on quantitative characters have been noted in plants with several 
to many of the so-called supernumeraries. Such extra chromosomes 
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sometimes vary in number in different parts of the plant and some- 
times undergo non-disjunction in pollen mitosis. At present the origin 
and role of these extra chromosomes is not understood. 

Extra chromosomes of this type have been reported in an increasing 
number of the Gramineae (167), including 30 species in 18 genera. 
Other authors (35, 37, 50, 81, 402, 417, 473, 477, 537, 548, 556, 597, 
677) have added 16 species—Aegilops mutica, Agrostis canina, A. 
rupestris, Anthoxanthum aristatum, Avena versicolor, Briza media, 
Bromus scabratus, Cynodon dactylon, Dactylis glomerata, Holcus lana- 
tus, Panicum coloratum, Pennisetum typhoides, Phleum nodosum, Poa 
alpina, P. trivialis, Sorghum vulgaré—making nearly 50 species of 
Gramineae known to have accessories. 


Their origin is attributed to possible fragmentation and structural 
rearrangements, including deletion of euchromatic and duplication of 
heterochromatic segments (44-47, 49). Tandem satellites or secondary 
constrictions are features of certain chromosomes of Alopecurus pra- 
tensis, Anthoxanthum odoratum and Secale montanum, species for 
which accessory chromosomes have been reported (380). During 
cytological manipulation, chromosomes of these grasses frequently 


broke at the secondary constriction. These authors and also Forbes 
(206) questioned the extent to which previous reports of supernum- 
erary chromosomes may be in part subject to error owing to this 
phenomenon. In different species they vary in number from 0 to 19 
(35, 37, 40, 44-50, 81, 206, 288, 413, 536, 538). Bosemark (46) 
recorded accessory chromosomes in 31.1% of a series of plants of 
Phleum phleoides with an average of 0.63 per plant. Generally the 
number of supernumeraries is constant within a plant, but Bosemark 
(50) for Poa trivialis and several investigators (257, 397, 417, 463) 
reported variation in number within plants and even within flowers of 
Poa alpina and P. timoleontis. 

In Alopecurus pratensis, Briza media, Festuca arundinacea, Holcus 
lanatus, Phleum nodosum and Poa trivialis, the accessory chromosomes 
have been described as heterochromatic and smaller than the ordinary 
chromosomes (50). The similarity of bromegrass “tandem-satellites” 
in size and shape to B-chromosomes in rye was reported (538). In 
Poa alpina the B-chromosomes have been described as more nearly 
spherical than the A’s, with no sign of chromatids or pairing with A’s. 
None of the B's had satellites or were associated with a nucleolus 


(413). 
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Bosemark (48) studied intensively the morphology of accessory 
chromosomes at prophase of meiosis in Phleum phleoides. In this grass 
he noted four types of accessories distinguishable on the basis of rela- 
tive lengths of the two arms of the chromosome and total length. The 
“standard” accessory was about two-fifths as long as the average of 
normal chromosomes and possessed a sub-terminal centromere. The 
other three types of accessories, two smaller and one larger, appeared 
to be derivatives of the standard accessory. One type of short accessory 
was an iso-chromosome, each arm being identical with the short arm 
of the standard type. The other small accessory may have originated 
through the loss of a terminal part of the long arm of the standard ac- 
cessory. The large accessory also appeared to be an iso-chromosome 
but with the arms of the same length as the long arm of the standard 
accessory. The two iso-chromosome types exhibited considerable in- 
terarm pairing. 

Effects of B-chromosomes on meiosis were reported by Mochizuki 
(402) for Aegilops mutica in which the presence of a single B was 
associated with meiotic abnormalities, but the occurrence of three B- 
chromosomes did not impair normal meiotic behavior. In plants of 
Bromus imermis having B-chromosomes and nucleolar-like globules, 
meiosis was disturbed as evidenced by stickiness, multiple «chromatin 
bridges, multiple anaphase chromosomal associations and collapse of 
microspores (436). 

Bosemark (48) and Bécher (40), both working with Phleum phleo- 
ides, arrived at opposing conclusions regarding the occurrence of so- 
matic non-disjunction prior to meiosis. Bosemark (50) reported no 
pairing between accessories and standard chromosomes, but accessories 
commonly paired as bivalents in plants of each of the grasses having 
two or more. Although there was moderate meiotic elimination of ac- 
cessories, in four of six genera (50) there was a tendency for non-dis- 
junction with both chromatids of the accessory directed toward the 
generative nucleus at the first pollen mitosis. This led to increase in 
number of accessories in progenies. No mechanism for increasing the 
number was ascertained in Phlewm nodosum or in Poa trivialis. In 
Festuca elatior (44) vatiable behavior was reported: sometimes uni- 
valent accessories divided at Al; restitution nuclei might be formed; 
meiotic elimination of accessories was low and, with higher numbers, 
male and female fertility was reduced. Progenies of crosses involving 
plants with high numbers of accessory chromosomes reflected cytologi- 
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cal disturbances in the parent plants. In contrast to reports for most 
occurrences of supernumerary chromosomes in the Gramineae, Bjérk- 
man (35, 37) stated that they behaved like A-chromosomes at meiosis 
and, in addition, that they formed multivalents with A’s. This be- 
havior supported an interpretation of their origin by fragmentation of 
A-chromosomes. 

Reddy (512) differentiated the five A and two B chromosomes of 
Sorghum purpureo-sericeum on the basis of size and position of the 
centromere. He reported a gradient in size of chromosomes from lar- 
gest near the centromeres to smallest at the ends and described the 
structure of the centromeres as similar to that reported by Tjio and 
Levan (622). The A and B chromosomes were so differentiated in 
chromomere arrangement that origin of the B’s from any known seg- 
ments of A’s could not be postulated. Reddy (512) suggested that 
the causal factor underlying the abnormal behavior of the B’s at mitosis 
might more likely be owing to their heterochromatic nature than to 
inadequacy of their centromeres. 

The mechanism of non-disjunction of accessories at the first pollen 
mitosis appeared to vary with morphology. Short accessories in fescue, 
for example, did not undergo directed non-disjunction except in the 
presence of standard accessories (49). Bosemark (48), on the other 
hand, suggested that the factor or factors in Phleum phleoides re- 
sponsible for non-disjunction were situated either in the proximal part 
of the long arm of the standard type or in the centromere. 

In Poa alpina (256, 461) accessory chromosomes may form bivalents 
or remain unpaired at diakinesis in the megaspore mother cells. In 
contrast to A-chromosome univalents, unpaired accessories are not 
eliminated at meiosis in the ovule. Their centromeres sometimes appear 
weak or inadequate (256). In Poa alpina (413) the B's are well pre- 
served in the germ line but may sometimes be eliminated from the 
roots. Miintzing (413) states: “If the B-chromatids preferably pass 
to the ‘germ line’ pole, the cells giving rise to the roots will be free 
from B-chromosomes. At the same time this non-disjunction would 
represent a somatic accumulation mechanism, tending to increase the 
number of B-chromosomes in the p.m.c and embryo-sacs.” While more 
recent studies (402) have confirmed mosaicism for B-chromosomes 
in several grasses, there is little embryological evidence in the Gram- 
ineae to support the accumulation mechanism suggested by Mintzing. 
Recent studies with Poa alpina (397) established the occurrence of 
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accessories in primary roots and their absence in adventitious roots. 
It was not determined, however, that elimination from the roots was 
accompanied by increase in the germ line. Non-disjunction in Festuca 
elatior (43), “limited to the male side”, provided the basis for in- 
crease in number of B-chromosomes. 

In Zea mays non-disjunction of B-chromosomes was demonstrated 
(39) at Al of meiosis and chromatid non-disjunction at the second 
division of the pollen grain nucleus. Analysis of progenies from crosses 
involving known B-complements showed that non-disjunction oc- 
curred at varying rates in different plants. These differences were at- 
tributed to possible genetic control by the A genotype or to differences 
of the B-chromosomes themselves. The occurrence of preferential fer- 
tilization was confirmed. Since preferential fertilization and non-dis- 
junction both promote the retention or increase of B-chromosomes in 
the population, it was suggested that the failure of B-chromosomes to 
increase in a population is evidence that the B-chromosomes confer 
a disadvantage upon the sporophyte. 

Ostergren’s theory (472) of the parasitic nature of B-chromosomes 
was discounted by Bosemark (46) who suggested evolutionary po- 
tentialities in the occurrences of accessory chromosomes. The possi- 
bility of duplication of genes resulting from the presence of B's, and 
the evolution of chromosome complements with resulting changes in 
number should not be minimized. Their presence in some cases may 
merely represent evidence of a stage of evolution to a higher or lower 
basic complement than that which typifies the species or genus. 

The preservation of accessories indicated in their more frequent 
occurrence in old Swedish strains of fescue than in English strains pro- 
vides the possibility that they may have certain adaptive values. Early 
maturing strains also had larger numbers than later ones (46). In 
Phleum (48) they occurred somewhat more frequently in plants grow- 
ing on light well-drained soils. Variations of supernumerary chromo- 
somes suggested that diploid populations of Dactylis in diverse eco- 
logical habitats in Israel differ in regard to frequencies (677). Of 
diploid plants from Safad 50.7% had one or more supernumeraries, 
whereas 25.8% of plants from Mt. Kenaan, about 2 km. distant and 
with different soil type, had supernumeraries. This report again raises 
the question of possible selective value of supernumerary chromosomes. 
For an interesting summary of various aspects of B's itfcluding pos- 
sible adaptive values, the reader is referred to Darlington (166). 
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In tetraploid Secale cereale (415) a given number of accessory 
chromosomes had more adverse effects on pollen fertility, seed set, 
plant height and straw weight than in diploids. In high numbers ac- 
cessory chromosomes were always deleterious in both diploids and 
tetraploids. It appears, however, that further studies are required be- 
fore thier adaptive significance can be interpreted. 

Although consideable basic information concerning B-chromosomes 
has been obtained in the past decade, additional studies are needed in 
this area. No studies are known to the writers, for example, concern- 
ing the possible effects of large numbers of B-chromosomes on genetic 
crossing-over. It is well known that crossing-over in the male Droso- 
phila is practically nil and that the male possesses the largely hetero- 
chromatic “Y” chromosome. If the heterochromatin does affect crossing- 
over in the male of Drosophila, then similar effects might be ex- 
pressed in plants with a comparable proportion of heterochromatin. 
Other questions of equal interest relative to B-chromosomes remain 
to be solved, For example, can a mutator system such as the Ds-Ac 
system in corn, which appears to be partially associated with hetero- 
chromatin (600), be developed in other grasses by inducing trans- 
locations between B- and A- chromosomes? Translocations between 


A- and B-chromosomes have been used (523) as a tool for locating 
genes in maize. Possibly similar methods could prove valuable with 
forage grasses as accessory chromosomes and qualitative marker genes 
are identified. Furthermore, accessory chromosomes frequently have 
been reported for species with polyploid races. One may inquire 
whether accessories contributed to polyploidy or rather arose as a 
consequence of hybridization between chromosome races. 


POLY PLOIDY 

OCCURRENCE 
Of some 2,300 grass species for which chromosome numbers are 
known, about 80% are probably polyploid, with 7% of these aneuploid; 
the other 20% are diploid. Lolium is still exceptional in lacking known 
natural chromosome races or intrageneric variation in chromosome 
number, but there are now three known species of Melica with deviat- 
ing numbers: M. amethystina, 2n = 36 or double the number charac- 
terizing most of the genus; M. ciliata, 2n = 30; and M. penicillaris, 


2n = 14 (169). 
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Other genera with four or more species cytologically analyzed and 
lacking interspecific variation in chromosome number include Des- 
mazeria, Distichlis, Pleioblastus, Rhynchelytrum and Zoysia. Chromo- 
some numbers have been reported for only one species of each of 86 
genera of the Gramineae, and too few counts are available in many 
other genera to permit generalizations concerning intrageneric variation 
in this characteristic. 

The number of species recorded with intraspecific variation in 
chromosome number (including those apomictic aneuploids and spe- 
cies with accessory chromosomes) has been notably increased by the 
addition of nearly 345 since the appearance of Myers’ review (419). 
He listed 99 such species, not including Poa pratensis and others, where 
persistence of aneuploid numbers was attributable to apomixis. The 
current total compilation of 444, including Myers’, is for all species 
with reports of two or more differing chromosome numbers. 


TYPES OF POLYPLOIDS 


The differentiation between types of polyploids is often not clear- 
cut, but cytological studies have led to the conclusion that polyploids 
frequently present an array of intergradations between strict auto- 


polypleidy and complete allopolyploidy (434, 576). Stebbins (579) 
recognized four types of polyploids, namely, autopolyploids, segmental 
allopolyploids, true or genomic allopolyploids, and autoallopolyploids. 
Genomic allopolyploids are known as both natural species and artificial 
productions (576). Eventual success of new allopolyploids depends 
somewhat on maintenance or improvement of fertility in subsequent 
generations. Fertility is related to the pairing behavior of the chromo- 
somes, to other factors affecting regularity of meiosis and to “sterility 
factors of an unknown nature” (576). 

Cytological investigations of forage grasses have yielded information 
on the pairing behavior of numerous natural polyploids. Chromosome 
pairing may not always reveal natural autopolyploids which have un- 
dergone diploidization. Quadrivalent frequency was significantly re- 
duced in artificially induced autotetraploid maize after 10 generations 
of sib-pollination with selection for increased seed set (230). The 
occurrence of frequent quadrivalents, on the other hand, is usually 
interpreted as an indication of autotetraploidy, as in Agrostis canima 
where the tetraploid variety arida with IV’s is considered the auto- 
tetraploid form of the diploid. A. canina var. fascicularis (318). Cer- 
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tain tetraploid species—Sorghum leiocladum, S. australiense, S. plum- 
osum of the subgenera Para-Sorghum and Stiposorghum are also re- 
garded as autopolyploids on the basis of the 1 to 5 quadrivalents at 
meiosis (216). These observations agree with the finding of x = 5 
as the basic number in the genus. 

Doggett (171) suggested that genomes of different geographical 
races of Sorghum vulgare may have differentiated sufficiently for pref- 
erential chromosome pairing to occur when more than two genomes 
are present. In such an instance, a consequent degree of heterosis might 


be maintained in the advanced generations from a cross between two 
distinct induced tetraploid varieties. Doggett noted that the seed-set 
in two autotetraploid (2n = 40) varieties was 319%, whereas the 
seed-set was 68% in the F, and 74% in the Fe of crosses between 
the two tetraploids. The results were taken as an indication of a degree 
of preferential pairing in the tetraploid hybrids, but recent genetic 
evidence in other material (98) failed to support this interpretation. 


INDUCED POLYPLOIDS 


Studies of induced polyploids to date have contributed more to 
general principles and considerations than to new and superior varie- 
ties (375). Among these considerations (178) are: (a) because first- 
generation polyploids are unselected genotypes, diverse source geno- 
types and large populations are necessary on which to base selection; 
(4) diploid parental materials may respond more favorably to doubling 
the chromosome complement than tetraploids or higher polyploids; 
(¢) species may react differently to chromosome doubling and differ 
in optimum levels of ploidy; (d@) cross-fertilizing species; may give 
rise to more successful polyploids than self-fertilizing species; and (e) 
sterility barriers are often encountered in “raw” polyploids. 

Induction of polyploidy has been used as a tool in attempted cross- 
ing and transfer of genes from species with a lower chromosome num- 
ber to those with a higher number. It has also been of importance 
in attempts to make fertile amphiploids from infertile diploid species- 
crosses (95, 575, 576, 578 and others). Autopolyploids have been 
produced from species belonging to Bromus, Dactylis, Danthonia, 
Elymus, Ehrharta, Festuca, Hordeum, Lolium, Melica, Paspalum, Phalaris 
and Stipa. Stebbins (578) has generalized that the effects usually in- 
clude lowering of growth rate, reduction in tillering, increase in size of 
reproductive parts and reduced fertility. In comparisons of 10 tetraploid 
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and diploid plants of Lolium, Hutton (309) confirmed most of these 
autoploid features, found larger pollen grains but reduction in per- 
vent of florets producing seed, tiller production reduced 48% and 
generally decreased agronomic value. Induction of tetraploidy per se 
has rarely been significant in establishing superior grass plants. 

Stebbins concluded (582) that artificial amphiploids are unlikely 
to play a major role in plant breeding as ends in themselves. Irradia- 
tion, to induce chromosomal changes in the pollen of one of two 
diploid sub-species of Dactylis glomerata before hybridization, has been 
suggested by the same writer as a means of insuring maximum di- 
ploidization in F,’s following chromosome doubling. The frequency 
of multivalents in plants, so derived, was less than that in typical tetra- 
ploid D. glomerata, even though the F, hybrid between the unirradiated 
diploids had 60 to 70% pollen fertility. It was suggested that fixation 
of hybrid vigor may be possible in some plants through a combination 
of irradiation and induced polyploidy. 

The laborious efforts involved in large scale chromosome-number 
determinations have caused numerous cytologists to explore other 
indications of success of polyploidization. Measurement of stomata has 
been a frequently used technique, though this is not always satisfactory 
for identifying polyploids (1). It was found, however, in Danthonia 
(659), in which stomatal cells were measured in 47 species, that the 
species D. curva, with lowest stomatal length, was a diploid with 2n 
= 12, while D. cirrata, with the longest, proved to be 2n = 72. When 
species were grouped according to anatomical characteristics and coun- 
tries of origin, correlation between stomatal size and degree of poly- 
ploidy became evident. Increased size of pollen grains also has been 
related to increased number of chromosomes in certain arctic species 
of 10 genera of Gramineae (370, 569). 

By study of an extensive collection of Poa pratensis from south- 
eastern Norway, Nissen (442) found that about 10% of plants within 
a strau. and about 33% of members of twin pairs had aberrant 
chromosome numbers, most of the aberrants being approximately 
haploid or triploid in relation to the strain. Significant positive correla- 
tions were found between chromosome numbers and the following 
characters: Length of stomata .58, pollen diameter .79, seed weight 
.69, seed germination .69, and number of branches at lowest node .58. 
Chromosome number was negatively correlated with number of spike- 
lets per panicle, —.43. These results (442*), except for the relationship 
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between chromosome numbers and panicle branches, are in general 
agreement with those from previous studies. 


In the production of amphidiploids from sterile interspecific hybrids, 
growing of seedlings from seeds set following colchicine treatment has 
generally proved more satisfactory than attempts to identify amphi- 
diploid sectors on the basis of any of several morphological criteria. 

A genetic method of inducing autotetraploidy on a large scale and 
a breeding method for utilizing the derived material have been proposed 
for maize (8). Polyploidization was based on the production of a 
proportion of diploid eggs in plants homozygous recessive (el el) for 
a gene, elongate. Pollination of such homozygotes by existing artificial 
autotetraploids resulted in the formation of a few plump and many 
shrivelled seeds. The plump seeds produced tetraploid plants. Pro- 
vided low seed-set in autotetraploids is owing largely to genetic im- 
balance, highly fertile synthetics might be developed if genetic di- 
versity is given more consideration (8). On the other hand, if the 
sterility in autotetraploids is due to chromosomal imbalance (aneu- 
ploidy), then genetic diversity would not be expected to increase 
fertility. 

The optimal number of chromosomes for different organisms ap- 
pears to be subject to considerable variation. In Bromus imermis 
(2n = 56) plants with lower degrees of ploidy, 2n = 28 and 2n 
= 42, were less vigorous than the octoploids (287, 337). Polyploidi- 
zation of Dactylis glomerata and Arrhenatherum elatius by Zimmerman 
(676) resulted in decreased vitality, as indicated by moderate frost- 
resistance, low growth rate and poor tillering. These deficiencies were 
attributed to exceeding the generally presumed optimum ploidy in 
these established natural tetraploids. Similarly hexaploid plants (2n = 
42) of Dactylis glomerata appeared to be unable to compete success- 
fully with normal tetraploids (2n = 28) (266). Autotetraploid strains 
of rice varieties were likewise poorer in competitive ability than their 
diploid counterparts (528). Both diploid and tetraploid forms of 


Hordeum bulbosum exist‘ (358) with the tetraploids occupying more 
northern and less favorable habitats. 


Tetraploids of Lolium (670) produced by colchicine treatment, 
however, showed superior drought tolerance as did tetraploid Festuca 
elatior (341). The Loliwm tetraploids also matured later than the 
diploids, but produced fewer tillers and were more susceptible to mil- 
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dew. The tetraploid Festuca was reduced in fertility and had larger 
seeds and rougher stems and leaves than the diploid. 

Wit (667, 669) observed that the initial autoploids of Lolium per- 
enne and L. multiflorum were not superior to diploid counterparts but 
selection in a few succeeding generations gave some tetraploids superior 
to the best diploids. Selected L. multiflorum tetraploids were superior 
in winter hardiness, forage yield and seed production. In L. perenne 
tetraploids, cold resistance, forage yield and rust resistance were raised 
to or above the diploid level in one generation of selection. The Lolium 
results were sufficiently favorable to warrant suggestion of attempts 
at polyploidization in other crops. The experimental production of new 
valuable types requires scores of years, “but increasingly rapid progress 
is being made in several laboratories and the goal is in sight” (583). 


POLYPLOIDY AND EVOLUTION 


The high frequency of amphiploidy in the Gramineae may be at- 
tributed to several factors (583). The growth of different species in 
close proximity, their wind-born pollen, self-incompatibility and per- 
enniality plus vegetative reproduction all may be involved in the pro- 
duction of interspecific hybrids or in their successful establishment. In 
spite of reduced fertility, hybrids may persist and produce some off- 
spring with increased fertility. 

Hybridization between induced and natural tetraploid rice varieties 
was followed by increased pollen and seed fertility. The F; plants were 
generally vigorous and taller than the parental varieties (466). The 
improved fertility in F, was attributed to the complementary effect 
of: parental genes. Success in crossing synthesized with natural poly- 
ploid Phleum pratense (6x) and the autohexaploid segregation con- 
firmed the hypothesis of the polyploid derivation of P. pratense from 
P. nodosum (444, 446). 

Further experimentation with Dactylis glomerata, which behaves 
cytogenetically as an autotetraploid, led to the hypothesis of its possible 
origin from chromosome doubling of a meiotically regular and com- 
pletely fertile F,; between D. aschersoniana and a diploid from Iran 
subsequently identified as D. woronowii (219, 421). D. woronowii 
has, in an exaggerated degree, some of the glomerata characters not 
found in D. aschersoniana. D. woronowti x D. aschersoniana diploid 
hybrids were pollen- and seed-fertile, and resembled D. glomerata. 
Individual plants of D. glomerata ranged in phenotype between ex- 
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tremes of D. woronowii and D. aschersoniana. D. glomerata could have 
arisen by polyploidy from such an intermediate hybrid (219). 


In Israel, natural triploids in contact areas between diploid and 
tetraploid populations of D. glomerata have been found to set seed 
(678), presumably from unreduced eggs. When triploids are fer- 
tilized by pollen from diploid plants, the progenies are tetraploid; 
when the pollen is from tetraploid plants, the progenies are pentaploid. 
Triploids can thus serve as an efficient bridge for gene flow from the 
diploid to the tetraploid levél, and such introgression has evolutionary 
significance for the construction of a tetraploid superstructure in poly- 
ploid complexes. 

McCollum (387) studied chromosome association in 4 diploid sub- 
species, 3 diploid hybrids, induced tetraploids of these 7, and in several 
naturally occurring tetraploids of the Dactylis complex. His findings 
suggested absence of significant chromosomal structural differences 
among the diploids and confirmed the autoploid nature of tetraploid 
D. glomerata. Induced tetraploids had fewer chiasmata and fewer 
zigzag in contrast to ring IV's than natural tetraploids. Differences in 
percent stainable pollen were not related to type of tetraploid, but per- 
cent seed set of all induced tetraploids was greatly lower than that 
of corresponding diploids. 


Tutin (627) has suggested that the diploids Anthoxanthum alpinum 
and Phleum alpinum have given rise to the natural tetraploids An- 


thoxanthum odoratum and Phleum commutatum, respectively. It is 
interesting to note that the tetraploid species here, as in Dactylis glo- 
merata, occupy a wider geographical area than the diploids. Informa- 
tion of this type is available for only a few of the forage grasses. 


A chart illustrates the relationships of various Bromus species and 
the evolutionary pathways in a portion of this genus (583). The evi- 
dence suggests that evolution of tetraploid and hexaploid species in 
the Ceratachloa section occurred through interspecific hybridization 
within the section, followed by chromosome doubling. The octoploid 
species of this section arose from intersectional hybridization of Cera- 
tochloa hexaploids and Bromopsis diploids, followed by chromosome 
doubling. The duodecaploid of the Ceratochloa section also resulted 
from intersectional hybridization involving a Ceratochloa hexaploid 
and B. trinii, the only species known in the Neobromis section. These 
examples serve to emphasize the evolutionary significance of inter- 
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specific hybridization, even among species of different sections of a 
genus. 

Studies of Old World Bluestems (275) were interpreted as show- 
ing that many hybrids were derived from fertilization of functional 
unreduced eggs. Sexual diploids producing gametophytes of this type 
resulted in highly sexual tetraploids, and a similar phenomenon at 
the tetraploid level resulted in the production of hexaploids. Conse- 
quently polyploidy, in some cases, may result from the tendency of 
facultative apomicts to produce functiofial unreduced eggs. 

Swanson (600) pointed out the importance of the proper gene 
combination in interspecific hybridization and subsequent chromo- 
some doubling, if full evolutionary advantage is to be taken of allo- 
polyploidy. He was of the opinion that diploidization at the auto- 
tetraploid level may set the stage for another cycle of evolution com- 
parable with that which took place at the diploid level, although recog- 
nizing that higher levels of polyploidy place greater restrictions on 
progressive evolution. A study of the chromosome numbers of species 
within several genera and among genera within grass tribes suggests 
that aneuploidy, too, may have played an important role in evolution 
through duplication or loss of one or more pairs of chromosomes. 


MONOHAPLOIDS AND POLYHAPLOIDS 


Although haploids are generally classified as monohaploids or poly- 
haploids, the term “amphihaploid” has been used for plants with the 
reduced chromosome number and derived from an amphidiploid 
(470). Haploids are not often observed in the Gramineae. This does 
not necessarily mean that they do not occur with considerable fre- 
quency. Corn experiments, in which special genetic techniques have 
been developed to facilitate haploid production and identification, in- 
dicate that their occurrence in Zea may be father high (119). 

A fertile polyploid (2n = 28) of Bromus imermis was unusual in 
having largely bivalent pairing, little meiotic irregularity and high 
fertility (185, 337). This behavior was interpreted as an indication 
that the octoploid B. inermis has a high degree of duplication of genic 
material. In later experiments (287), this polyhaploid was crossed 
with normal octoploid plants, giving rise to hexaploid Bromus inermis. 
The sterility and univalent frequency in these hexaploids were such 
that it was concluded that the hexaploids behaved as if autotriploid for 
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two basic genomes. This study supported the contention that Bromus 
inermis is an autoallooctoploid with two basic genomes represented 
in quadruplicate. Other polyhaploid plants of Bromus imermis, derived 
as twin seedlings (433), gave a strikingly different cytogenetic picture. 
Both of these polyhaploids were completely pollen-sterile, but more 
than 60% of the florets set seed under open-pollination. Meiosis was 
perhaps more irregular than that of octoploids, as evidenced by univa- 
lents, chromosome stickiness, laggards and micronuclei. Additional 
work is required to reconcile the cytogenetic differences characterizing 
the available polyhaploids of B. inermis. 

Amphihaploid plants of Poa annua were characterized by diminu- 
tive morphological features, sterility and a limited amount of bivalent 
pairing at meiosis, with the latter feature influenced by temperature 
(299). The induced tetraploid seed-progenies derived from the am- 
phihaploids were very similar to natural tetraploid P. annua, exhibited 
regular bivalent pairing at MI, and were fully self-fertile. The derived 
tetraploid lines also crossed readily with P. annua. The evidence from 
this study led to the conclusion that P. annua is a segmental allotetra- 
ploid, a conclusion at variance with an earlier one (579) based on 
less experimental evidence. 

From studies (192, 330) of the meiotic behavior of a sterile haploid 
plant of Sorghum vulgare and a review of other evidence, this species 
was interpreted as being a polyploid. A basic chromosome number 
of 5 in the genus, cytological evidence for duplications in the haploid 
complement, and occasional multivalents in the diploid pointed to 
this conclusion. 

Recently a polyhaploid (2n = 20) was derived from the Fs gen- 
eration of a hybrid between induced autotetraploid Sorghum vulgare 
var. sudanense and the tetraploid (2n = 40) S. halepemse (175). The 
polyhaploid resembled tetraploids of the same generation but was taller, 
had fewer tillers, broader leaves and more panicle branches, and was 
less perennial. Meiosis of this plant was characterized by a high degree 
of normal bivalent pairing, but some univalents led to irregularity 
at later stages and somewhat reduced pollen fertility. These authors 
concluded that the F,; parent was nearly autotetraploid but con- 
tained some differential chromosome segments between the 4 genomes 
and therefore that the tetraploid S. halepense originated as a segmental 
allopolyploid with 2 genomes from S. vulgare and 2 from a closely 
telated species..Raman and Krishnaswamy (504) isolated a natural 
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polyhaploid (2n = 20) shoot from a tetraploid Sorghum halepense 
plant. This polyhaploid was characterized by increased leaf width 
and stem diameter, lighter green color, suppression of awns, smaller 
pollen grains and regular meiosis. 

Interspecific and intergeneric F, hybrids, previous to chromosome 
doubling, may be thought of as polyhaploids. Large numbers of such 
hybrids have been produced, and their cytogenetic behavior, which 
is treated in another section, may be referred to by those interested 
in haploids. There is one point of caution in interpreting phylogenetic 
or genomic relationships from studies of chromosome pairing in poly- 
haploids, namely, we do not know to what extent pairing is condi- 
tioned in the polyhaploid by genic imbalance owing to the hemizygous 
genic condition. This limitation may be of particular significance in 
naturally cross-fertilizing species, since it has been demonstrated that 
inbreeding in both orchardgrass and rye led to an increase in meiotic 
irregularities and a reduced chiasma frequency. 

Isolation of monoploids or polyhaploids may offer a useful genetic 
and cytogenetic tool to forage grass geneticists, as it has offered to 
corn geneticists (119, 208, 620). Polyhaploids, with one-half the 
normal complement of chromosomes, can provide stronger evidence 
on the nature of polyploidy in many of our grasses than can be ob- 
tained from an analysis of the unreduced complement. Likewise, homo- 
zygous lines derived from haploids or polyhaploids should prove use- 
ful in inheritance studies. All too often the interpretation of genetic 
data obtained from forage grasses requires assumed parental genotypes 
which cannot be critically checked in self-incompatible and hetero- 
zygous parents. 


ANEUPLOIDY 


Aneuploidy has been used as a cytogenetic tool in determining the 
inheritance of numerous characters in several angiosperms, including 
the Gramineae. As distinct from the presence of B-chromosomes in 
the complement, aneuploidy is widespread in polyploid apomictic 
species and also occurs in sexually reproducing genera, including Bro- 
mus (261, 536, 537, 551), Dactylis (266), Hilaria (70, 664), Holcus 
(323), Phalaris (96) and Sorghum (489). In Sorghum the aneuploid 
plants arose from a cross between a triploid and a diploid. Seventeen 
of 39 surviving F,; plants were singly trisomic (2n + 1). Four plants 
of 24 analyzed had two extra chromosomes, and three of the four had 
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pairing behavior suggesting that they were 2n + 1 + 1. The fourth 
plant, an extreme dwarf, appeared to be tetrasomic for one pair of 
chromosomes. One triple-trisomic and one plant with 2n + 6 as well 
as 9 normal diploids were obtained. Meiosis in the normal diploids 
was regular; in the triploid the pairing ranged from 10 III's to 6 III's, 
4 II's and 4 I's, the most frequent configurations being 9 III's, 1 II and 
1 I or 8IlIl’s, 2 II's and 2 I's. 

A study of 25 clones of Bromus imermis selected for their agronomic 
desirability (536) indicated that 13 were aneuploid. Chromosome 
numbers of aneuploid plants ranged from 54 to 58. Open-pollination 
seed set for euploids was 55% compared with 28% for hypoploids 
and 42% for hyperploids. This was the first report of extensive aneu- 
ploidy in B. imermis. Other workers (551) have recently found some 
evidence to suggest that aneuploids of northern ecotypes of B. inermis 
tended to be hyperaneuploids, whereas aneuploids of southern ecotypes 
were more frequently hypoaneuploids. That such aneuploidy may be 
propagated largely through the maternal parent was suggested by the 
fact that no progenies from the cross tetraploid x octoploid B. inermis 
possessed aneuploid complements (287). 


Nielsen (438) reported an interesting case of mitotic instability 


in certain Agroelymus derivatives with somatic chromosome numbers 
varying from 11 to 80 among propagules within a clone. 

Analysis of progenies of 35-chromosome plants of Phalaris arundi- 
nacea revealed a variation in chromosome number from 28 to 56 (96). 
Within this range there was no correlation between leaf width and 
chromosome number, but date of anthesis was positively associated 
with chromosome number. In Phalaris there was a tendency for aneu- 
ploids to have paler green leaves than those of normal tetraploids. 

Wheat geneticists have made spectacular use of aneuploidy in 
genetic analyses and attempts at strain improvement. The 21 mono- 
somics and trisomics together with their nullisomic and tetrasomic 
derivatives in Triticum aestivum have been identified (541). Among 
the cytological effects in the monosomics (481) was partial asynapsis, 
which decreased from 3 or more univalents in 35.8% of F; monosomics 
to 7.69% in the seventh-backcross generation. The term “univalent 
shift” was applied to the process by which a monosomic occasionally 
produces progeny monosomic for a different chromosome (482). Test- 
ing for univalent shift by cytological analysis of the cross between a 
derived monosomic and the original plant was advised when a mono- 
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somic is not identifiable by morphology of the univalent or by its 
phenotypic effect. Methods outlined for using nullisomics and mono- 
somics in wheat to locate genes on chromosomes should prove valuable 
when aneuploids are found in others of the Gramineae. 

It has been demonstrated (540) that aneuploids may be used in 
the following ways in determining location of genes on chromosomes: 
(4) ascertaining that the effect of a particular gene is not evident in a 
particular nullisomic; (4) growing F. populations from crosses with 
each of the possible nullisomics and determining which F. family 
segregates abnormally; and (c) identifying the homoeologous sets of 
chromosomes in a polyploid. Studies in wheat have indicated that about 
75% of the female gametes in monosomic plants have only 20 chromo- 
somes, whereas from 90 to 99% of the functioning male gametes pos- 
sess all 21 chromosomes (540). Such information is of considerable 
value in planning efficient population size in genetic experiments. 


MEIOSIS 
GENERAL 


Irregularities of meiosis are relatively uncommon in the diploid 
grasses, especially annual and naturally self-pollinated ones. Many 
tetraploids, mostly of the allotetraploid type, also have fairly regular 
meiosis with a preponderance of bivalent pairing. Meiosis of autotetra- 
ploids, segmental allopolyploids and some higher polyploids, however, 
is often characterized by some univalents, trivalents, chromosome sticki- 
ness, laggards at anaphase and telophase, numerical non-disjunction 
and micronuclei in quartets. The variation in meiosis among plants of 
certain polyploid species and among pollen mother cells from an indi- 
vidual plant is so great in some instances that it is difficult to describe 
a norm for the species (181, 433). In addition, most cytologists who 
have studied such meiotically irregular species have indicated a strong 
possibility that cells with more regular than “normal” pairing may 
unconsciously have been chosen for interpretation. 

The difficulty involved in interpreting peculiar chromosomal asso- 
ciations in meiotic cells was emphasized in a study of chromosome 
behavior in a wheat haploid (481) from which it was concluded that 
homology was not a factor in end-to-end association but was a factor 
in side-to-side association. True bivalents, in Person’s opinion, were 
formed only when chiasmata were evident. 
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Detailed studies in Bromus inmermis (184) suggested that meiotic 
disturbances may lead to selective elimination of gametes. In Festuca 
arundinacea (152) 6% of the microspores contained micronuclei and 
13% of the pollen aborted. Unusual prophase, metaphase, anaphase 
configurations, neocentromeric activity and ring-shaped micronuclei 
were reported in Elymus wiegandii (637). In Sorghum the formation 
of 1 to 5 ring quadrivalents at diakinesis and MI characterized some 
of the tetraploids, whereas the hexaploid types of S. plumosum at 
similar stages had mostly II's, [V’s and VI's with most of the multi- 
valents in this species giving zigzag disjunction at MI (217). This 
study led to the hypothesis that 5 rather than 10 is the basic chromo- 
some number in Sorghum. Formation of syncytes as one of the irregu- 
larities was reported in Erianthus arundinaceus, Saccharum robustum 
and S. sinense x S. spontaneum (490) as well as in Phleum phleoides 
and other plants (40). It was suggested (490) that in Saccharum 
and its relatives, syncytes might lead to formation of diploid pollen 
and thus have a part in male transmission of 2n chromosome numbers. 
A similar possibility was suggested for Eleusime coracana, in which the 
origin of diploid male gametes was attributed to endoduplication of 
chromosomes during the division of the generative cell (428). An 
interesting observation in apomictic Paspalum dilatatum (559) was 
the essentially normal tetrad formation and small number of micro- 
nuclei despite lagging and disintegration of chromosomes at telophase. 

Most diploids for which additional reports of meiosis have been 
made show regular bivalent pairing, as in Bouteloua uniflora (209), 
Chrysopogon montanus (392), Ehrharta calycina (374), Eulalia geni- 
culata, Imperata arundinacea, Microstegium nudum, Miscanthus flori- 
dulus, M. sinensis var. gracillimus (104), Phleum alpinum, P. nodosum 
(443), Sorghastrum setosum (565), Sorghum elliott, S. secundum 
(215), S. mitidum (214, 215), and Zoysia matrella, Z. japonica and 
Z. tenuifolia (205).On the other hand, Agropyron cristatiforme (530), 
Bouteloua gracilis (276), Erianthus hostii and E. ravennae (104) had 
some I’s besides II's. Diploid Festuca elatior and Lolium perenne have 
been reported as having some exceptional multivalents (603). Sev- 
eral tetraploids, including Andropogon brevifolius (565), Bouteloua 
curtipendula (209), Cleistachne sorghoides (215), Eccotlopus cotulifer 
(104), Elymus pendulosus (296), Erianthus ciliare (104), Miscanthus 
sacchariflorus (5), Panicum purpurascens (650), Paspalum virgatum, 
Setaria geniculata (565), Sorghum laxiflorum and S. macrospermum 
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(215), also have predominantly bivalent pairing. Regularity of pairing 
would lead to the interpretation that these plants are probably allo- 
ploids. Presence of multivalent would, on the other hand, indicate 
the possibility of autoploidy or segmental allopolyploidy in Agropyron 
desertorum, A. fragile, A. imbricatum (339), A. michnoi, A. sibiricum 
(339, 530), Agrostis canina (318), Alopecurus geniculatus, Arrhena- 
therum elatius (603), Festuca arundinacea (423, 603), Heteropogon 
contortus (390), Hyparrhenia hirta, H. rufa (565), Paspalum mala- 
cophyllum, P. secans, Pennisetum ciliare (565), Poa fernaldiana (462), 
Sorghum almum, S. halepense (189), S. australiense, S. leiocladum, S. 
plumosum (216), Spodiopogon sibiricus (104) and Trisetum pra- 
tense (603). Irregularity in meiosis, however, may not necessarily in- 
dicate autopolyploidy. In the apomictic grasses Heteropogon contortus, 
Hyparrhenia hirta, H. rufa, Paspalum malacophyllum, P. secans and 
Pennisetum ciliare, meiosis is itregular. Wide differences in meitoic 
behavior among strains within a grass species, particularly within 
apomictic complexes, are not uncommon. Celarier (108), for example, 
found meiotic irregularity in Bothriochloa ischaemum from representa- 
tive widely separated geographical races. Extreme meiotic irregularities 
were noted only in certain 60-chromosome races. Celarier suggested 
that B. ischaemum vat. songaricus contains a genome which is foreign 
to B. ischaemum vat. ischaemum. : 

The hexaploid form of Dactylis glomerata (2n = 42) had an average 
of 2.57 IV’s and occasional VI's, VIII's and even X’s, indicating greater 
irregularity than for natural autotetraploid D. glomerata (266). Quad- 
rivalents are a characteristic feature of meiosis in “raw” autotetraploids 
and also occur in natural autopolyploids, but most cells include some 
bivalents. In autotetraploid Zea mays IV's were found reduced from 
8.47 to 7.46 per cell after 10 generations of selection for fertility (230). 
Induced tetraploids of Sorghum sudanense showed 4.69 IV’s and 0.21 
III's per cell except for the nucleolar chromosomes which formed IV's 
in 89% of cells studied. In two triploid plants (2n = 30) an average 
of 8.3 Ill’s was found at MI (23). Natural tetraploids of Hordeum 
bulbosum showed close pairing and high formation of multivalents 
with more regular chromosome distribution than in induced tetraploids 
of H. vulgare (358). Sorghum rigidifolium (2n = 60) (215), Chry- 
sopogon montanus (2n = 80) (392) and Bomteloua gracilis (2n 
= 84) (276) showed regular bivalent pairing. Narenga porphyro- 
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coma, possibly hexaploid, was variously reported (104, 406) as hav- 
ing II's and II’s plus multivalents. 

Detailed cytological studies in Miscanthus sinensis (6) and Penni- 
setum typhoides (353) have related meiotic irregularities to male and, 
in one case, to female sterility. While Phlewm pratense shows unusually 
regular pairing and rare occurrence of multivalents, genetic data and 
other results have pointed to the autoploid nature of this exceptional 
species (445, 446). 


ENVIRONMENTAL EFFECTS 


Environmental influence may not have been given adequate con- 
sideration in the interpretation of meiotic behavior of grasses. Effects 
of temperature on meiotic behavior of Dactylis glomerata have been 
reported (172, 468, 656). These studies have shown that temperatures 
up to 37° C. had a significant effect on number of univalents at MI, 
percent of sporocytes with univalents, chiasma frequency at diakinesis 
and number of quadrivalents (172). Field collections from individual 
clones taken at different dates (468) led to the conclusion that higher 
mean or maximum temperatures 48 to 72 hours prior to collection 
were associated with an increase in frequency of micronuclei. The 
tendency of collections from D. glomerata made at a later date to have 
a higher frequency of micronuclei has been interpreted (656) as an 
indication of temperature effect rather than as being possibly associated 
with later maturity per se. Significant positive correlations were like- 
wise reported between frequency of quartets with micronuclei and 
either maximum temperatures on the day of sampling or maximum 
temperatures 24 or 48 hours prior to sampling (656). 

In autotetraploid Secale cereale, Pao and Li (475) have shown that 
a high temperature (36° C.) for 24 hours is reflected in a marked 
increase in I's at MI and a marked decrease in quadrivalents at diaki- 
nesis in collections made 48 hours following the heat treatment. Both 
effects on meiosis were evident 24 hours after treatment but less pro- 
nounced than at 48 hours. Pao and Li, from studies on rye and other 
crops, concluded that high temperatures have both a direct effect and 
an after effect on meiosis. The direct effect resulted in a disturbance 
of the spindle mechanism. The increase in frequency of univalents 
was due to an after-effect which was presumed to be related to the 
insufficiency or excess of some chemical substance influencing the ex- 
change of parts between homologous chromosomes. 
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Environmental effect on chromosomal pairing has been observed 
also in species and hybrids of Poa (244, 299). Clones of Poa were 
grown at three altitudes in California ranging from 30 to 3,050 meters. 
Clones grown at the highest altitude generally had more univalents 
than the same clones grown at a lower elevation. Genotypes which 
made weak growth at the higher elevation tended to have a higher 
univalent frequency than genotypes making good growth (244). This 
is taken as evidence of a possible physiological correlation between 
the two characters in response to environment. The chromosome pair- 
ing at MI in two of four amphihaploid plants of Poa annua (299) was 
positively associated with maximum night temperature two nights 
prior to collection. It is well to remember, however, that pairing in 
the amphihaploid was apparently homoeologous instead of homologous. 
These studies clearly demonstrated that some features of meiosis may 
be significantly affected by variables of the external environment. In 
some studies such effects may have led to serious errors in cytogenetic 
analyses and interpretations. 

An internal environmental factor has recently been proposed as 
affecting microsporogenesis in an Avewa interspecific hybrid. Binucleate 
pollen mother cells were present in 23 of 27 anthers with a mean 
frequency of 1.2 percent in an F, hybrid, Avena barbata x Avena stri- 
gosa ssp. hirtula (297). The centrally located nucleus had the ex- 
pected 21 chromosomes and behaved “normally” at meiosis. The peri- 
pheral nucleus, however, contained no nucleolus, and its chromosomes 
showed reduced staining, poor spiralization and fragmentation. Holden 
and Mota (297) considered the two nuclei of a binucleate PMC to 
be identical and owing to failure of cell wall formation at premeiotic 
mitosis. They assumed that cytoplasmic gradients, as proposed to ex- 
plain the differential behavior of identical nuclei in pollen grains, were 
responsible for the differentiation of the nuclei in these binucleate cells. 


GENETIC EFFECTS AND CONSIDERATIONS 


From a study of inter-strain hybrids in Elymus glaucus in which 
little relation could be determined between pollen abortion and visible 
meiotic irregularities (564), it was concluded that E. glaucus might 
be a product of crossing between a self-pollinating and a cross-polli- 
nating species. If so, a deleterious effect on meiosis might result from 
an inbreeding effect on the genome of the latter parent. 

Genotypic control of chromosome behavior was also of significance 
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in the increased meiotic irregularity and decreased fertility that ac- 
companied inbreeding in Dactylis glomerata (420). The results are 
of interest in relation to the experimental synthesis of alloploid species 
by combining genomes from two or more naturally cross-pollinated 
diploid species, followed by chromosome doubling. Such immediate 
alloploids will be homozygous for loci in each genome and may be 
meiotically less stable than their heterozygous progenies resulting from 
intercrossing newly derived alloploids with somewhat diverse germ- 
plasm. Heterozygous newly established alloploids might also be pro- 
duced directly by doubling the chromosome complement of respective 
heterozygous diploid parents prior to crossing. 

In Secale cereale meiotic irregularities accompanied inbreeding and 
were presumed to be involved in modified segregation of genes that 
might affect Mendelian segregation (416). More recently two lines of 
rye which differed in chiasma frequencies and in “pre-meiotic errors” 
were crossed (514). Inbreeding from F, to F; was accompanied by 
reduction in chiasma frequency and an increase in the percentage of 
plants with pre-meiotic errors. In F; and later generations, some lines 
had lower chiasma frequency than the “low” parent. These characters 
appeared to be determined by a large number of independently in- 
herited genes. Chiasma frequency was more variable and lower in 4 
inbred lines of rye than in 3 F; hybrids produced from the inbreds 
(513). The inbred lines likewise differed significantly in number of 
chiasmata per cell at MI. Other reports (515) refer to heterosis for 
chiasma frequency in F,’s among crosses of inbred lines of rye. Less 
variation in this characteristic was noted between plants within F, 
families than within the inbred parental lines as well as less varia- 
tion between PMC’s and between II's within PMC’s in heterozygotes 
than in homozygotes. Selective adjustment in chiasma frequency and 
hence in genetic recombination was considered possible at three levels 
—plant, cell and bivalent (515). Although these conclusions from the 
study of rye are based upon only 20 PMC’s per plant, the results are 
in agreement with an earlier study of Dactylis glomerata, another 
naturally cross-fertilized species (420). 

Bromus inermis and B. pumpellianus showed striking intraspecific 
variation for number of micronuclei per quartet, and intercrosses 
among clones with high and among clones with low frequency of 
micronuclei resulted in progenies with values essentially like those 
for the parents (181). These results would indicate genetic deter- 
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mination for cytological aberrancies resulting in micronuclei. Genetic 
control of the occurrence of micronuclei was also indicated in crosses 
between two “high” (micronuclei frequency) parents and two “low” 
parents of Dactylis glomerata (468), though the mode of inheritance 
was not evident from this study. 

Hybridity has been suggested as a factor contributing to meiotic 
irregularity in certain strains of Paspalum. Bashaw and Forbes (28) 
found 3 distinct cytological groups in Paspalum dilatatum. A yellow- 
anthered type with pubescent spikelets had regular meiotic behavior 
with 20 II's at diakinesis. A purple-anthered semi-prostrate form had 
40 chromosomes, but was extremely irregular in meiosis. The third type 
was representative of common dallisgrass and had 50 chromosomes 
with 10 of these commonly lagging at AI. It was concluded that the 
meiotically regular form may have been one of the parents of the last 
two hybrid types. 

A correlation of +.77 was obtained (182) between expected per- 
centage of normal eggs as predicted by micronucleus analyses and 
percentage of seed-set. The correlation of stainable pollen in 30 clones 
of Bromus inermis with percentage of normal pollen predicted from 
micronucleus analysis was non-significant. This suggested either that 
spore elimination between the quartet and pollen stages was selective, 
that pollen with micronuclei was viable, or that pollen stainability was 
not an acceptable criterion for pollen viability. 

In Bromus imermis cytologicat-disturbances are reported to have 
an influence on fertility (435, 436). Besides some of the more com- 
monly reported meiotic irregularities, there is reference to accumula- 
tion of droplets of ribonucleic acid in chromocenters which hinders 
normal nuclear development, and to the effect of B-chromosomes on 
stickiness, multiple chromatin bridges, anaphase multiple associations, 
etc. In female gametophyte development, meiosis in sterile plants was 
regular, but in later stages the gametophytes were smaller than in fer- 
tile plants and eventually collapsed with early digestion of the anti- 
podals, followed by degeneration of the egg apparatus. 

Later work with Bromus species (644-647) and their hybrids in- 
dicated several types of meiotic irregularities, including chromosome 
breakage and reunion, centromere misdivision, chromosome erosion, 
abnormal chromosome coiling, pseudobivalents at MI, difficulty of 
separation at Al, and chromosome stickiness in microsporocytes. These 
aberrations may be a consequence of unfavorable internal environment 
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or interactions of two or more genomes in interspecific hybrids and 
certain allopolyploids. The similarity of some of these effects to those 
produced by irradiation led to the belief that the chromosome may 
respond in similar ways to many different stimuli. The corréspondence 
of complex cell-physiology anomalies induced by irradiation and chem- 
ical mutagens to cytological aberrations found in intergeneric hybrids 
(225) was presented with the possibility that both types are associ- 
ated with changes in nucleic acid. In the amphiploid of a species hy- 
brid, Setaria italica x S. viridis, an insufficiency of nucleic acid was 
proposed as a cause of the asynapsis evidenced by univalents (301). 

Sears and Okamoto (542) and Riley and co-workers (520-522) 
independently reported a strong diploidizing influence by one chromo- 
some in Triticum vulgare. In plants nullisomic for chromosome V 
frequent pairing among homoeologous chromosomes occurred. The 
diploidizing mechanism was effective in the hemizygous state in mono- 
somics and in euhaploids (521). It was found, further (521), that 
the long arm (presumably of chromosome V) was effective in inhibit- 
ing homoeologous association. These classic findings suggest that the 
diploidization mechanism in some polyploids may have a simpler basis 
than previously recognized. The extent to which similar mechanisms 
may be operating in other polyploid grasses is not known, but these 
findings again suggest caution in using chromosome pairing as a sole 
criterion in classifying polyploid types. 

A tendency for non-homologous centromeres of the same ancestral 
origin to segregate to the same pole of a dividing meiotic cell has been 
termed ‘affinity’ and forms the basis of an interesting hypothesis (396) 
relating to the higher than expected likelihood of appearance of paren- 
tal biotypes in segregating hybrid progenies. 

A study of double reduction and numerical non-disjunction in tetra- 


ploid maize (99) is of interest in connection with analyses of in- 
heritance in autopolyploids. Since the 10 chromosomes of the maize 
genome can be distinguished morphologically, tetraploid races are 


suitable for studying the frequency of numerical non-disjunction which 
results in gametes with more or fewer than the expected number of 
chromosomes. If such gametes function, this mechanism may seriously 
distort estimates of double reduction. 

In tetraploid maize (99) existing information indicates about 40% 
of the progenies to be aneuploid. In 503 tetraploid plants there were 
259 chromosomes either in excess or deficit. On the assumption that 
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all aneuploidy traces to the female gamete, there would be a mean 
of .515 non-disjunction per egg or a chance of .0515 per chromosome 
per female gamete. If numericaliy unbalanced pollen grains were also 
functionally normal, the estimate would drop from .0515 to .0258 
per gamete. Cytogenetic data were collected from tetraploid maize 
heterozygous for the su-1 locus on chromosome IV. Seventy four plants 
of tetraploid maize were analyzed to determine the complements of 
the 740 sets of chromosomes. There were 13 trisomics, 13 pentasomics, 
and the remaining 714 sets were tetrasomic. Analysis of 27 recessive 
su-1 progenies from triplex x nulliplex matings revealed that 20 
chromosome sets were trisomic, five were pentasomic and the remain- 
ing 245 were tetrasomic. Nine of these 27 su-1 plants or 33%, how- 
ever, were lacking one chromosome IV. This evidence is sufficient to 
indicate that numerical non-disjunction may be a serious disturbance 
in genetic analyses of autotetraploids. 

Gaul (224), though recognizing the value of the classical method 
of genome analysis, has warned against universal application of this 
method to polyploids. He referred to 50 known cases of genically de- 
termined asynapsis and implied that quantitative differences in pairing 
behavior of polyploids often may have a genic basis. Desynaptic plants 
were found by Celarier and Mehra (115) in Sorghum nitidum (2n 
= 10) and in Dichanthium annulatum (2n = 40). The type of 
desynapsis in these two grasses was “medium strong”. 


INTERSPECIFIC AND INTERGENERIC HYBRIDIZATON 
NATURAL AND CONTROLLED HYBRIDS 


Interspecific and intergeneric hybrids and their cytogenetic be- 
havior have been reported frequently in the Gramineae. In Table I are 
listed 256 interspecific and 95 intergeneric hybrids, of which 17 are 
considered intertribal crosses by certain authorities. This list is com- 
posed mostly of controlled hybrids but includes a few sterile natural 
hybrids whose putative parentage is based mainly on morphological 
similarities and occurrence with the hybrids. Hybrids involving Avena, 
Haynaldia, Oryza, Secale and Triticum are not included in the present 
summary. Most of the hybrids reported during the last decade are in 
addition to the 229 reported by Myers (419). 

Most extensive interspecific hybridization has been achieved in 
Agropyron, Bromus and Poa with 47, 48 and 36 recent hybrids, re- 
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spectively. Less extensive interspecific hybridization has been achieved 
in 26 other genera. Similarly, species of three genera, Agropyron, Ely- 
mus and Hordeum, have served widely as parents of intergeneric hy- 
brids, while Festuca-Lolium hybrids constitute most of the so-called 
intertribal hybrids. 

Interspecific and intergenetic hybrids have been produced and studied 
to provide information on the systematic and phylogenetic relation- 
ships within the Gramineae and also to provide fundamental informa- 
tion of possible value in the improvement of grasses by breeding. Suc- 
cessful hybridization in the Gramineae, both natural and controlled, 
is considerably greater than in most plant families. This might be in- 
terpreted as reflecting only the ease of making such hybrids but more 
probably indicates that the accepted system of classification in grasses 
places undue emphasis upon certain easily observed character dif- 
ferences (580). Stebbins and Snyder (589) emphasized the com- 
plexity of the interrelationships between the American species of 
Agropyron, Elymus and related genera, and suggested that their cyto- 
genetic and phylogenetic relationships would be represented best if 
they were placed in a single genus (592). Evidence from Lolium-Fes- 
tuca hybridization and cytogenetic studies also casts doubt on the taxo- 
nomic separation of these genera into different tribes. On the other: 
hand, interspecific hybrids in the Gramineae commonly have been 
characterized by partial or, in many cases, complete sterility. This evi- 
dence together with the moderate to strong interspecific incompati- 
bilities suggests that the taxonomists have done remarkably well at 
the species level. Some notable exceptions, however, are apparent in 
Bromus (156, 157, 181, 182). Certain meiotically irregular octoploid 
species intercross readily, and the partially fer le hybrids do not de- 
viate markedly from the parents in meiotic irregularities. 

BROMUS. F; hybrids among diploid species of Bromus have usually 
exhibited a high degree of chromosome pairing (26, 311) but almost 
complete sterility. The amphidiploid from B. céliatus x B. laevipes had 
48.3% pollen fertility, suggesting that the sterility in the F, was of 
a chromosomal nature. Decreased pollen fertility accompanied by in- 
creased variance from the first to the second generation of the amphi- 
diploid was interpreted as evidence of the occurrence of heterogenetic 
chromosome association in the amphidiploid. Additional features that 
indicated heterogenetic pairing included quadrivalents, which were 
not observed in the F,, and inversion bridges, which were a charac- 
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teristic of the F,. Some homogenetic (preferential) pairing in the 
amphiploid was indicated by increased pollen fertility and an increase 
in chiasma frequency (311). The sterility of other F; hybrids (26, 
311) appeared to have a genic rather than chromosomal basis, since 
they were characterized by a complete absence of sporogenous tissue. 

Barnett (27) observed that it was easier to intercross diploid x 
diploid or tetraploid x tetraploid than to cross diploid with tetraploid 
species of Bromus. Likewise, the diploid and tetraploid species of 
Bromus have not been successfully crossed with the octoploids. (27, 
182). Several triploid hybrids from diploid-tetraploid crosses, how- 
ever, were produced, and the amphiploids were derived by colchicine 
treatment. The sterile triploid hybrids were considerably more irregular 
at meiosis than diploid or tetraploid hybrids. Meiosis of the derived 
hexaploids was characterized by 18 to 20.2 II's, 0.2 to 1.3 IV's, and 
a few I's or III's. The 42-chromosome amphiploid B. richardsonii x 
B. grandis was more regular in meiosis and set more seed (44% seed 
set) than two other 42-chromosome amphiploids. Meiotic irregularity 
and pollen sterility were also reported by Jahn (310) for 4 species 
crosses in the Bromium section. 

Stebbins and co-workers (259, 574, 575, 578, 593, 641, 642) have 
made extensive studies of Bromus interspecific hybrids, particularly 
among the higher polyploids. These studies have revealed that the 
21 pairs of short chromosomes of Bromus pitensis have a high degree 
of homology with those of B. marginatus, suggesting that the donors 
of these chromosomes from the Ceratochloa section were closely re- 
lated. The two sets of 7 longer chromosomes, on the other hand, did 
not pair so well in the hybrid, and it was postulated that the Bromopsis 
diploid ancestors of the parent species were distantly related (574, 
642). 

Meiosis in hybrids among Bromus catharticus, B. haenkeanus and 
B. stamineus indicates that each of these species possesses A, B and C 
genomes but with some chromosomal differentiation between species 
(259, 575). Fi, Fe, Fs and Fy generations of the 42-chromosome in- 
terspecific hybrids as well as C;, C2, Cs; and Cy generations of the 84- 
chromosome amphiploids were studied (259). F; hybrids set seed in 4 
to 15% of the florets compared with 80% in the C,; material. Selection 
for seed set from F, to F, resulted in F, lines approaching the parent 
species in seed fertility. Of particular interest was the positive correla- 
tion in Fz and Fs; between fertility and regression to the parental 
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characters. In contrast, there was a decline in fertility in 84-chromo- 
some amphiploid material to a point of 25 to 50% fertility in Cy. 
This decline in fertiliry from C; to Cy, the occurrence of 4 to 8 IV's 
per cell, and segregation in the 84-chromosome material provided 
evidence that heterogenetic pairing occurred. Heterogenetic pairing, 
followed by crossing-over, presumably gave rise in succeeding genera- 
tions to chromosomes that were less likely to pair preferentially and 
thereby led to a decrease in fertility in the later C generations. 

The 49-chromosome F, hybrid Bromus triniui x B. maritimus was 
sterile and at Al and AIl of meiosis was characterized by univalent 
bridges which appeared similar to those induced by irradiation (641). 
The 98-chromosome amphiploids of this intersectional hybrid and of 
the hybrid B. carinatus x B. trinii were reported as vigorous, highly 
fertile and of possible agricultural value (593). Pairing of the 93 to 
100 chromosomes in the advanced generations of these amphiploids 
was mostly as bivalents, though a few I's and multivalents were 
observed. 

The origin of Bromus arizonicus has been deduced from interspecific 
hybridization (575). This species is thought to be a derivative of 
B. haenkeanus x B. trinii, since it resembles the controlled hybrid of 
B. catharticus x B. trimii with the dissimilarities paralleling the dif- 
ferences between B. catharticus and B. haenkeanus. 

AGROPYRON, ELYMUS, SITANION. Interspecific hybrids in Elymus 
(123, 125, 594) have revealed genomic. relationships. E. riparius 
crosses readily with E. canadensis and with some strains of E. wiegandii. 
The interspecific incompatibility between E. canadensis and E. wiegan- 
dit, however, was more marked (125). Of particular interest was the 
fact that some of the E. wiegandii chromosomes were neocentric in 
hybrids with E. riparius (123) and with E. virginicus (124), a charac- 
teristic of possible value in establishing parentage of natural hybrids 
involving this species. Sterility in the meiotically rather regular F, 
E. condensatus x E. triticoides was attributed to cryptic structural hy- 
bridity for small chromosome segments. Both parents of this hybrid 
were crossed with E. glaucus and Agropyron parishii, giving F,’s with 
less chromosome pairing than the above hybrid (594). 

Meiosis in F, hybrids between the diploid Agropyron spicatum and 
the tetraploids A. caninum, A. trachycaulum, Elymus canadensis and 
E. virginicus indicated that the 7 chromosomes from the diploid spe- 
cies were completely or partly homologous with 7 chromosomes 
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in each of the tetraploids (589). The F, hybrid A. spicatum x 
A. caespitosum regularly formed 5 to 7 II's at MI, suggesting close 
homology of the parental genomes (586). The overall results dis- 
close that the genome of these diploids, or its equivalent, is widespread 
among Agropyron diploids and polyploids and in related genera (588). 
Other studies (304) indicate partial homology between the A. spica- 
tum genome and one of the genomes of A. agroelymoides, which pre- 
sumably is closely homologous to a genome of Elymus glaucus. The 
presence of multivalents in the sterile F, E. patagonicus x Agropyron 
agroelymoides, on the other hand, was ascribed to translocated dupli- 
cated segments in the three A. agroelymoides genomes (303). 

Knowles (339) obtained 29 of the 30 possible F, interspecific hy- 
brids among diploid Agropyron cristatum and the tetraploids A. deser- 
torum, A. fragile, A. imbricatum, A. michnoi and A. sibiricum. Triva- 
lents were observed in all 21-chromosome hybrids and some quadri- 
valents in all 28-chromosome hybrids. The degree of bivalent pairing 
in the tetraploid F,’s was fairly comparable with that in the respective 
parent species. The F,, A. michnoi x A. desertorum, however, had more 
II and fewer IV associations than either parent. Similarly, meiosis of 
hybrids between the octoploid A. campestre and the hexaploids A. 
glaucum, A. junceum and A. repens (100) indicated that these four 
species had at least one genome in common. Chromosome pairing in the 
F, was also interpreted as an indication that A. semicostatum possessed 
the two A. ciléare genomes and one other (382). These results agree with 
other studies in suggesting that a few genomes with structural re- 
arrangements are widespread in Agropyron. Fertility studies of inter- 
specific hybrids among Agropyron species indigenous to New Zealand 
(135) led to the conclusion that three distinct coenospecies existed, 
namely, A. enysii, A. tenue and A. scabrum-A. kirkii, with the last 
two being ecospecies. 

In attempts to cross Elymus glaucus with Sitanion jubatum (590), 
strains of both parents differed greatly in intergeneric crossability. The 
ease of crossing bore no clear relationship to the place of origin, mor- 
phology, ecology or the systematic relationships of the parental strains. 
F, hybrids had a high percentage of II pairing at MI, but micronuclei 
were abundant in quartets and no good pollen was produced. The 
allopolyploids produced from F,’s had from 1 to 7 IV’s, 0 to 4 III's, 
11 to 26 II's, and 0 to 12 I's at MI, and different genotypes produced 
from 0 to 72% good pollen. Lack of a clear relationship between per- 
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cent stainable pollen and seed set indicated that factors affecting seed 
set were, in part at least, different from those controlling pollen abor- 
tion. 

The natural intergeneric hybrid Agropyron subsecundum x Sitanion 
hystrix (665) and the controlled hybrid Elymus glaucus x Sitanion 
jubatum (581) both gave evidence of chromosome structural hy- 
bridity. D’Cruz (155), on the other hand, concluded that the sterility 
in Elymus-Sitanion allopolyploids was a result of gene interactions 
rather than cryptic structural hybridity. Highly fertile plants classifiable 
as E. glaucus were obtained following two generations of selfing of 
a backcross progeny of the F; Elymus glaucus x Sitanion hystrix (581). 
The F, plants from crossing this fertile derivative with the E. glaucus 
parent were highly sterile, though the two parents were morphologically 
similar and had the same chromosome number. Thus the origin of a 
genetic microspecies through introgression was explained on the basis 
of segregation and fixing in a homozygous condition of small dif- 
ferences in chromosome structure that were the basis of sterility in the 
original hybrid. Such microspecies of E. glaucus, in fact, do exist in 
nature. 

Stebbins (584) likewise concluded that microspecies of the Elymus 
glaucus complex arose through introgression with Sitanion. “A similar 
origin of reproductively isolated populations through introgression 
might be expected in any group with characteristics including self- 
fertilization, perenniality and high chromosome number giving op- 
portunity for independent assortment of sterility factors unhampered 
by linkage.” 

Several additional conclusions have been drawn from studies of in- 
terspecific and intergeneric hybrids and their amphiploid derivatives. 
Studies of many artificial alloploids in the Gramineae have suggested 
that vigor and fertility cannot be accurately predicted from the sys- 
tematic position or chromosome number of the parents or from the 
meioti¢ behavior in undoubled F, hybrids (578). Genetically con- 
trolled physiological disharmonies are thought to be of particular im- 
portance in many wide crosses. The further conclusion has been reached 
(580) that any generalizations about the expected behavior of artificial 
allopolyploids will tend to restrict unnecessarily rather than guide the 
work of the breeder. Knowledge of the physiology of grasses might well 
provide a partial basis for selecting parents of interspecific hybrids. 

FESTUCA, LOLIUM. Interspecific hybrids in Festuca have been te- 
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ported by several investigators (153, 313, 315). Studies of meiosis 
in the F, F. ovina x F. rubra and backcross progenies were interpreted 
as indicating that F. ovina is an autotetraploid while F. rubra is an 
allohexaploid (315). The occurrence of 10 to 14 bivalents in the 
F, between diploid Festuca elatior and hexaploid F. arundinacea (153) 
provided additional evidence for autosynapsis of the F. arundinacea 
chromosomes and also indicated considerable homology between 
chromosomes of F. elatior and some chromosomes of F. arundinacea. 
The F, of this cross was successfully backcrossed only to the F. arun- 
dinacea parent (313). The first backcross plant set 20% seed upon 
selfing, a higher value than is common for the recurrent parent species. 
Second-generation backcross resulted in 34% seed-set and these prog- 
enies were classifiable as F. arundinacea, indicating a rapid approach 
to recurrent parental characters. 

The hybrid F. gigantea x F. elatior was produced more readily than 
the reciprocal (313), even though the parent with the lower chromo- 
some number has commonly been more successful in Festuca and 
Lolium hybridization attempts. This F; was successfully backcrossed 
to both parents, but the fertility was still low after two backcrosses. 
Jenkin (313) obtained high seed set from reciprocal crossing of F. 
arundinacea and F. gigantea, but the F, hybrids were male-sterile and 
failed to set seed when pollinated by either parent. One weak plant that 
failed to flower over a period of 20 years was obtained from the cross 
F. rubra x F. arundinacea, while the reciprocal cross gave no germinable 
seeds (313). Attempts to cross F. heterophylla and F. arundinacea 
were also unsuccessful. F, heterophylla was crossed with F. capillata, 
but the fertility of this plant was not reported (313). Unsuccessful 
attempts to cross F. elatior with F. capillata, F. heterophylla and F. 
rubra ate indicative that strong interspecific crossing barriers exist 
among certain Festuca species. 

Further studies also have been reported of interspecific hybrids in 
Lolium and their meiotic behavior (140, 312, 314, 535, 543). Meiosis 
of hybrids between L. perenne and L. multiflorum has been character- 
ized by a low frequency of precocious separation of chromosomes at 
MI (535), but the meiotic disturbances did not prevent development 
of pedigree strains of ryegrass from this hybrid (140). Sedljmair 
(543) described the interspecific hybrids among L. perenne, L. re- 
motum and L. temulentum as vigorous and highly fertile. Jenkin 
(312), on the other hand, found that L. remotum and L. temulentum 
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intercrossed readily, giving pollen-sterile F, hybrids. He also indicated 
that the F, hybrids L. perenne x L. remotum and L. perenne x L. temu- 
lentum were highly but not completely female sterile. The F, hybrids 
between L. loliaceum and either L. remotum or L. temulentum were 
weak as seedlings (312). Perenniality was nominally dominant, de- 
pending on the degree of perenniality in the non-annual parent, in 
the cross of L. rigidum with L. loliaceum. L. italicum and L. perenne 
hybridized freely to give fertile F,; hybrids. L. italicum and L. rigidum 
interbred readily, but F,; seed germination was somewhat reduced. 
L. italicum, only as a seed parent, was crossed with L. loliaceum, L. 
temulentum and L. remotum in descending order of success. On the 
basis of their differential crossability with the three annual species 
of Lolium it was concluded that L. italicum and L. rigidum were con- 
stitutionally different even though they intercrossed readily. 

Several additional Lolivm-Festuca hybrids have been reported in the 
last decade. It has been proposed (158-160, 379) that chemical charac- 
teristics as well as crossing behavior are of evolutionary significance. 
The presence of the glucide, phlein, in both genera was interpreted 
as indicating a close affinity. 

Caryopses of Lolium perenne and Festuca pratensis contained the 
same rather unusual trisaccharide (379). As far as the distribution of 
sugars is concerned, the affinities of Lolium lie with F. pratensis and its 
allies rather than with F. ovina which has a more complicated pattern 
of oligosaccharide distribution. These authors also suggested that the 
affinities confirmed by the chemical identities provided the explana- 
tion for the relative ease of crossing some species of Lolivm and Festuca. 

Cugnac and Belval (159) suggested that Bromus, on the other hand, 
was characterized by a laevoratory glucide with affinities to triticin and 
might not be expected to cross with the above genera. 

Successful hybridization of Festuca elatior with Lolium perenne has 
been repeated (95, 153, 194, 314). Jenkin (314) obtained one diploid 
and one triploid hybrid from this cross. The triploid presumably pos- 
sessed the unreduced chromosome complement from Festuca elatior, 
the maternal parent, and the reduced complement from Lolium perenne. 
Neither these triploids nor the natural “Festuca loliacea”’ triploids 
showed any morphological affinity to F. arundinacea (314). Diploid 
F, hybrids were backcrossed to Loliwm perenne, and the backcross 
plants generally approached the morphology of the recurrent parent. 
The (F, x L. perenne) (F; x L, perenne) crosses resulted in some 
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plants, however, that had the Festuca characters, branching inflores- 
cences and spikelets on pedicels. Most plants from such a cross were 
very much like Lolium perenne and more fertile than the preceding 
generation. 

In Lolium x Festuca crosses (668) (2x) x (4x) was most success- 
ful, but combinations of (2x) x (2x), (2x) x (3x), amd (3x) x 
(4x) were also produced. The controlled hybrids had non-dehiscent 
anthers with 0 to 3.8% stainable pollen. Some open-pollination prog- 
enies of a triploid F, hybrid had increased male-fertility and new 
combinations of characters. Wit (668) discussed several possibilities 
of utilizing this material to breed improved forage types. 

Reusch (519) obtained F, hybrids from the cross Festuca pratensis 
x Lolium perenne after irradiation of Lolium pollen, but obtained no 
hybrids from this cross without pollen irradiation. The ionizing ir- 
radiation effect was presumed to be due to gene changes that reduced 
genetic unbalance in the hybrid endosperm. 

The writers (95) found triploid hybrids from Lolium perenne (2x) 
x Festuca elatior (induced 4x) to be more vigorous than either parent 
species. The formation of III's at diakinesis and MI in these hybrids 
provided evidence that chromosomes from the two genera paired even 
when the Festuca complement was represented in duplicate. Inversion 
bridges in the triploids indicated that gene rearrangement accompanied 
generic differentiation. The 42-chromosome amphiploids derived from 
these triploids differed sufficiently from the hexaploid F. arundinacea to 
suggest that if Lolivm perenne and Festuca elatior are progenitors of 
F, arundinacea, a morphologically distinct third species must also be 
involved. The hexaploids derived from the triploids have recently been 
crossed with F, arundinacea with the objective of combining the vigor 
and wide adaptation of F. arundimacea with the palatability features 
contributed by the other parent species. 

Amphiploids from diploid hybrids of Lolium perenne x Festuca ela- 
tior have been produced (194). Pollen fertility in the amphiploids was 
nearly 40% compared with 1.4% in the F; and 89% in autotetraploid 
Lolium perenne. Mean MI chromosome pairing in the two amphiploids 
was 2.31 IV’s, 0.58 III's 7.43 Il’s, and 2.16 I's. Values for the raw 
autotetraploid L. perenne were 2.95 IV's, 0.05 III's, 7.89 IlI’s, and 0.25 
I's, indicating the close similarity between the meiosis of amphiploid 
and autotetraploid. It was concluded that the functional homology of 
chromosomes of the two parent genomes was high and that the iso- 
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lating complex between the parents consisted of several successive 
genetic barriers. 

The F, L. multiflorum x Festuca arundinacea was produced (78), 
and recent studies by the writers in cooperation with R. Buckner in- 
dicate that the F; has 28 chromosomes as expected while seedling 
progenies obtained from colchicine-treated F, plants possess 42, 56 
or 70 chromosomes. Several backcrosses of the F, to F. arundinacea 
have been made. The second and third backcross individuals usually 
have 42 chromosomes but remain largely male-sterile. The basis of 
this sterility is under investigation. — 

Backcrosses of Lolium perenne x Festuca arundinacea to both par- 
ents have been reported (314). The first backcross to Lolium perenne 
gave three plants, two having 23 chromosomes and one, 21 chromo- 
somes plus fragment. Plants in the third backcross to Lolium were 
morphologically very similar to L. perenne with 17, 6, and 1 plants 
having respective chromosome complements of 14, 15 and 16. Jenkin 
(313) has indicated that L. perenne has been crossed with Festuca 
rubra, and Lolium loliaceum with Festuca capillata. The first of these 
hybrids resembled the paternal parent, F. rubra, but was sterile, whereas 
the latter hybrid was so different that its parents would not have been 
known if the hybrid had been found in nature. Research of the next 
decade at several institutions should permit a realistic assessment of the 
potentialities of combining desired characteristics of these two cyto- 
logically proximate genera. 


TABLE I 
INTERSPECIFIC AND INTERGENERIC HYBRIDS IN FORAGE GRASSES 


INTERSPECIFIC HYBRIDS 


Aegilops 
. bicornis x A. squarrosa (211) 
. comosa x A. uniaristata (332) 
4. longissima x A. aucheri (333) 
. longissima x A. aucheri) x A. speltoides (333) 
A. longissima x A. sharonensis (525) 
A. longissima x A. speltoides (525+) 
. Speltoides x A. bicornis (525+) 


Agropyron 


A. agroelymoides x A. sp. “calmuco” _ (304) 
A. agroelymoides x A. spicatum var. inerme (304) 


+ Secondary citation. 





THE BOTANICAL REVIEW 


. caesium x A. repens — A. Xpseudo-repens ( 93+) 
. campestre x A. glaucum (100) 
. campestre x A. intermedium (101) 
. campestre x A. junceum (100) 
. campestre x A. repens (100) 
. ciliare x A. semicostatum (382) 
. cristatum x A. desertorum (339) 
. cristatum x A. imbricatum (339) 
. cristatum x A. michnoi (339) 
. cristatum x A. michnoi) x A. desertorum (339) 
. dasystachum x A. spicatum var. inerme ( 15) 
. dasystachum x A. trachycaulum ( 15) 
. desertorum x A. fragile (339) 
. desertorum x A. imbricatum (339) 
. desertorum x A. michnoi (339) 
. desertorum x A. sibiricum (339) 
. elongatum x A. obtusiusculum (382) 
. enysti x A. scabrum == Agropyron Xwallii (135, 136) 
. enysii x A. tenue (135) 
. fragile x A. imbricatum (339) 
. fragile x A. michnoi (339) 
. fragile x A. sibiricum (339) 
. glaucum x A. obtusiusculum (382) 
. tmbricatum x A. michnoi (339) 
. imbricatum x A. sibiricum (339) 
. intermedium x A. littorale (101) 
( 937) 
. junceum mediterraneum x A. intermedium (101) 
. junceum mediterraneum x A. littorale (101) 
. junceiforme x A. repens = A. Xlaxum ( 93+) 
. kirkii x A. scabrum and recip. (135) 
. michnoi x A. sibiricum (339) 
. parishii x A. pauciflorum (591) 
. parishii x A. spicatum (588) 
. pungens x A. junceum and recip. (101, 232) 
. pungens x A. repens (262+) 
. pycnanthum x A. littoreum)—A. Xblaviense ( 76) 
. repens x A. junceum (232) 
. scabrifolium x A. agroelymoides ( 16) 
. scabrum x A. tenue (135) 
. Semicostatum x A. cristatum (382) 
. Spicatum x A. caespitosum (586) 
. Spicatum x A. caninum (589) 
. Spicatum x A. trachycaulum (589) 
. yezoense x A. semicostatum (382) 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
4d 
A 
A 
A 
A 
A 
A 
A 
A. 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


. canina x A. gigantea (2627) 

A. gigantea x A. stolonifera (168, 319) 

A. gigantea x A. tenuis (168, 319) 

1. stolonifera x A. tenuis ( 58, 168, 319) 
. tenuis x A. canina var. arida (319) 


* Natural hybrids. 
+ Secondary citation. 
t Amphiploids produced. 
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Alopecurus 


*4A. aequalis x A. geniculatus 

*A. bulbosus x A. geniculatus — A. Xpettkei 
*A. geniculatus x A. pratensis—A. Xhybridus 
A. pratensis x A. aequalis 


Andropogon 


A. edwardsianus x A. saccharoides 
A. gerardi x A. hallii and recip. 


Bothriochloa 


B. intermedia x B. ischaemum 
B. intermedia x B. pertusa 


Bromus 


+B. anomalus x B. ciliatus and recip. 
B. anomalus x B. frondosus 
. anomalus x B. grandis and recip. 
B. anomalus x B. laevipes and recip. 
B. arduennensis x B. grossus 
B. arduennensis x B. secalinus 
B. arvensis x B. commutatus 
B. arvensis x B. secalinus 
B. carinatus x B. stamineus 
<B. carinatus x B. trinii 
B. catharticus x B. coloratus 
B. catharticus x B. haenkeanus and recip. 
. catharticus x B. stamineus and recip. 
B. catharticus x trinti 
. ciliatus x B. grandis 
. ciliatus x B. laevipes and recip. 
. ciliatus x B. pseudolaevipes 
. ciliatus x B. orcuttianus and recip. (311) 
. commutatis x B. macrostachys (311) 
. erectus x B. inermis and recip. (182, 261) 
. erectus x B, pumpellianus and recip. (182, 261) 
. frondosus x B. ciliatus ( 26) 
tB. frondosus x B. orcuttianus ( 27) 
B. grandis x B. laevipes and recip. ( 26) 
tB. haenkeanus x B. stamineus and recip. (259, 578) 
*B. haenkeanus x B. trinii (575) 
B. inermis x B. pumpellianus (182, 261) 
B. laevipes x B. pseudolaevipes and recip. (311) 
B. laevipes x B. orcuttianus and recip. (311) 
tB. marginatus x B. carinatus (578) 
B. marginatus x B. catharticus (578) 
B. marginatus x B. pseudolaevipes (643) 
B. marginatus x B. stamineus (578) 
<B. maritimus x B. trinii and recip (578, 593, 641) 


MaNNN NS 


NNSIADRAN™ 


* Natural hybrids. 
+ Secondary citation. 
t Amphiploids produced. 
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. mollis x B. carinatus (648) 
mollis x B. maritimus (578) 
. mollis x B. thominii ( 92) 
. orcuttianus x B. pseudolaevipes and recip. (311) 
. pitensis x B. marginatus (575, 642) 
richardsonii x B. grandis ( 27) 
riparius x B. inermis (538) 
. rubens x B. carinatus (648 ) 
. Stamineus x B. coloratus (578) 
. sterilis x B. macrantherus (162) 
. sterilis x B. tectorum ( 91) 
. tectorum x B. carinatus (648) 
. tectorum x B. squarrosus) — B. Xlaagei (161) 
. trinii x B. carinatus (649) 


bp be be te te by 


aifeenhy 


Bm 


Calamagrostis 


C. arundinacea x C. epigeios (452) 
*C. arundinacea x C. neglecta (262t) 
*C. epigeios x C. neglecta (262T) 
*C. lanceolata x C. neglecta (262T) 
2. pseudophragmites x C. villosa (452) 
. purpurea x C. arundinacea (459) 
2. purpurea x C. canescens (459) 
. purpurea x C. epigeios (459) 


Cynodon 


C. dactylon x C. plectostachyum _.. ( 84) 
(C. dactylon x C. transvaalensis)—=C. Xmagennisii (573) 


Dichanthium 


D. caricosum x D. annulatum 
D. caricosum x D. aristatum and recip. 


Digitaria 
D. ciliaris x D. ischaemum 


Elymus 


E. canadensis x E. riparius 
E. canadensis x E. virginicus 
E. canadensis x E. wiegandii 
*E. condensatus x E. triticoides 
E. glaucus x E. condensatus 
. glaucus x E. virginicus 

. mollis x E. triticoides 

:. riparius x E. virginicus 

2. riparius x E. wiegandii 

. triticoides x E. condensatus 
2 virginicus x E. interruptus 
). wirginicus x E. wiegandii 


* Natural hybrids. 
+ Secondary citation. 
t Amphiploids produced. 
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Festuca 


F. elatior x F. arundinacea and recip. (153, 313) 
(F. elatior x F. arundinacea) x F. arundinacea (313) 

‘. gigantea x F. arundinacea and recip. (313) 

‘. gigantea x F. elatior and recip. (313) 

’. heterophylla x F. capillata (313) 

*. ovina x F. rubra (313, 315) 
’. rubra x F, arundinacea (313) 

*. rubra x F. heterophylia (313) 


Glyceria 
*G. canadensis x G. striata — G. Xottawaensis ( 54) 
*G. fluitans x G. plicata : : (356) 
G. melicaria x G. striata — G. Xgatineauensis ( 54) 
Holcus 


H. lanatus x H. mollis 


Hordeum 


. bulbosum x H. secalinum (102) 

. bulbosum x H. vulgare (639+) 
. compressum x H. stenostachys (562T) 
. jubatum x H. bulbosum (6397) 
. jubatum x H. secalinum (262+) 
. jubatum x H. vulgare (562T) 
. leporinum x H. vulgare (260) 

. nodosum x H. vulgare and recip. (562T) 
. sativum x H. bulbosum (340) 

. vulgare x H. agriocrithon (562T) 
. vulgare x H. murinum (562+) 


. ttalicum 
. ttalicum 


x loliaceum (312) 
x 

. ittalicum x 
x 
x 


L. 

L. perenne and recip. (312) 

L. remotum (312) 

. italicum x L. rigidum (312) 

. italicum L. temulentum (312) 

. loliaceum x L. remotum (312) 

. loliaceum x L. temulentum (312) 

. multiforum x L. perenne and recip. (140, 535) 
. perenne x L. loliaceum (312) 

. perenne x L. remotum (312, 543) 
. perenne x L. rigidum (312) 

.. perenne x L. temulentum (312, 543) 
. remotum x L. temulentum and recip. (312, 543) 
. rigidum x L. loliaceum (312) 

.. rigidum x L, temulentum (314) 


* Natural hybrids. 
+ Secondary citation. 
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Miscanthus 


M. oligostachyus x M. tinctorius 
M. sinensis x M. sacchariflorus 


Paspalum 
P. malacophyllum x dilatatum 


Pennisetum 


tP. purpureum x P. typhoides 
P. typhoides x P. dubium 
IP. typhoides x P. purpureum 


Phalaris 


. arundinacea x P. tuberosa 

. coerulescens x P. minor 

. truncata x P. brachystachys 
. tuberosa x P. arundinacea 

. tuberosa x P. minor 


. alpinum x P. commutatum and recip. 

. alpinum x P. nodosum and recip. 

. alpinum x P. pratense 

. commutatum x P. nodosum and recip. 
. commutatum x P. pratense and recip. 
. nodosum x P. pratense and recip. 


. alpina var. vivipara x P. arctica 
. alpina var. vivipara x P. laxa flexuosa 
. alpina var. vivipara x P. pratensis alpigena 
. ampla x P. alpigena 
(P. ampla x P. alpigena) x (P. ampla x 
P. pratensis) 
(P. ampla x P. alpigena) x (P. arida x 
P. ampla) 
ampla x P. arida and recip. 
ampla x P. caespitosa 
ampla x P. compressa and recip. 
ampla x P. pratensis 
annua x P. infirma 
annua x P. supina 
arachnifera x P. pratensis 
arachnifera x (P. ampla x P. pratensis) 
arida x P. ampla 
(P. arida x P. ampla) x (P. ampla x 
P. alpigena) 
(P. arida x P. ampla) x (P. ampla x 
P. pratensis) 


DDT TW TTS 


* Natural hybrids. 
t Amphiploids produced. 


(291) 
(292) 


( 33) 


( 11, 345) 

(228) 
(227, 346, 347, 348, 
349) 


(147, 377, 572) 
(114, 281, 308) 

( 17) 

( 19, 147, 501) 

( 14, 148, 281, 308) 


(443) 
(443) 
(443) 
(443) 
(443) 
(443) 


(456) 
(456) 
(456) 
(625) 


(128) 


(625) 

(245, 459) 
(128) 

(128, 245, 459) 
(245, 625) 
(629) 

(629) 

(625) 

(128) 

(128, 245, 625) 


(128, 625) 
(128, 625) 
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. arida x P. scabrella 

. caespitosa x P. arachnifera 

. canbyi x P. pratensis 

. compressa x caespitosa 

. gracillima x P. scabrella and recip. 
. gracillima x P. 
. granitica x P. alpina var. vivipara 
. nervosa x P. arachnifera 

. palustris x P. compressa 

. pratensis x P. alpina 

. pratensis x P. caespitosa 

. scabrella x P. ampla 

. scabrella x P. arachnifera 

. scabrella x P. arida and recip. 

. scabrella x (P. arida x P. scabrella) 
. scabrella x P. 
. scabrella x P. pratensis 


pratensis 


compressa 


(P. scabrella x P. pratensis) x (P. ampla 
x P. alpigena) 
P. infirma 


Puccinellia 


P. distans x P. 


*P. distans x P. pseudo-distans — P. 


maritima 


Xharmensiana 


P. distans x P. retroflexa 


P. distans x P. rupestris 


(XAtropis 
pannonica?) 


P. maritima x P. retroflexa 


Saccharum 


S. 


oficinarum x S. robustum 


S. oficinarum x S. spontaneum 


.. robustum x §, 
.. sinense x S. 


Spontaneum 
ofiicinarum 


\. sinense x S. spontaneum 


Sorghum 
S. 

. caffrorum x §. durra 

. caudatum x S. nervosum 


An 


. drummondii x 8. 
. propinquum x §. 
. propinquum x S. vulgare 

. subglabrescens x S. vulgare 
. virgatum x S. durra 


ANANRARARARAUM 


almum x S. halepense 


caffrorum 
sudanense 


vulgare x S. almum 


. vulgare x S. arundinaceum 
. vulgare x S. 


drummondu 


. vulgare x S. halepense 
. vulgare x S. verticilliflorum 


* Natural hybrids. 


+ Secondary citation. 
t Amphiploids produced. 
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(245) 

(128) 

(459) 

(128) 

(459) 

(459) 

(555) 

(128) 

(331) 

hear 4 

(128) 

(126, 128, 245) 
(128, 625) 
(245, 459) 
(128) 

(245) 

(126, 128, 245) 
(128, 625) 


(629, 630) 


‘(2627) 


( 93T) 
(262T) 


(262t) 
(262+) 


(492) 

(440, 492, 493) 
(440) 

(492) 

(492) 


(189) 

(110) 

(110) 

(189) 

(109) 

(109) 

(352) 

(110) 

(189, 623) 

(189) 

(189) 

( 32, 98, 189, 250 
252, 253) 

(189) 
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S. cernua x S. pulchra 
§. elmeri x S. lemmoni 
'. lepida x S. pulchra 


. aquatica x Z. latifolia 


. japonica x Z. matrella and recip. 
. japonica x Z. tenuifolia and recip. 
. matrella x Z. tenuifolia and recip. 


INTERGENERIC HYBRIDS 


Agropyron- Aegilops 


A. glaucum x Ae. cylindrica 


A. 
A. 


glaucum x Ae. longissima 
glaucum x Ae. variabilis 


Agropyron-Elymus 


A. 


agroelymoides x E. glaucus 


*(A. alaskanum x E. innovatus) — XAgroelymus 


*(A. 
A. 


. junceum x E. arenarius 

. nodosum x E. glaucus 

. parishii x E. condensatus 

. parishii x E. glaucus 

. parishii x E. virginicus 

. pauciflorum x E. glaucus 

. pungens x E. arenarius 

. repens x E. canadensis) — XAgroelymus 


% 


Ramm Bw Bw BABBBABABAK 


* 


* * * 
~ om, = © 


7 * 
~ _ =m © 
fh 


colvillensis 

dasystachyum x E, innovatus) — 
XA groelymus turneri 

inerme x E. glaucus 


hodgsonii 


. sericeum x E. canadensis) — XAgroelymus 


palmerensis 


. smithii x E. innovatus) — XAgroelymus 


turneri 


. Spicatum x E. canadensis 

. Spicatum x E, virginicus 

. trachycaulum x E. glaucus 

. trachycaulum x E. innovatus) — 


XA groelymus ontariensis 


. trachycaulum x E. mollis) — XA groelymus 


jamesensis 


. canadensis x A. caninum) == XAgroelymus 


piettei 


. canadensis x A. sericeum 
. patagonicus x A. agroelymoides 
). riparius x A. caninum 


* Natural hybrids. 
+ Secondary citation. 


(383) 
(383) 
(383) 


(304) 
(359) 


(438) 
(588) 
(242) 
(592) 
(594) 
(591) 
(589) 
(591) 
(232+) 


(359) 
(359) 
(359) 
(589) 
(589) 
(232, 437) 
(359) 
(359) 
(163) 
(295) 


(303) 
( 31) 
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Agropyron-Hordeum 


A. macrourum x H. turkestanicum? 
. pauciflorum x H. nodosum 
A. oschense x H. turkestanicum 
A. repens x H. nodosum 
4. scabrifolium x H. hexaploidum 
. scirpeum x H. maritimum 
4. trachycaulum x H. brachyantherum 
4. trachycaulum x H. jubatum) — 
XAgrohordeum macounii — Elymus 
macounti 
. secalinum x A. caninum 
secalinum x -‘A.-repens) 
rouxi 


XHordeopyrum 


Agropyron-Hystrix 


A. trachycaulum x H. patula 


Agropyron-Sitanion 
A. parishi x S. hystrix 
*4. parishii x S. jubatum 
*4. pauciforum x S. jubaium 
*A. subsecundum x S. hystrix 
*4. trachycaulum x S. hystrix 


Agrostis-Polypogon-Calamagrostis 

*4. alba x P. monspeliensis 

*(A. palustris x Polypogon elongatus) — 
XA grostis platensis 

*(4. rupestris x Calamagrostis tenella) —= 
XA. rubra 

*4. stolonifera x P. monspeliensis — 
XA gropogon littoralis 


Bothriochloa-Capillipedium-Dichanthium 


*B. intermedia x Capillipedium parviflorum 
*B. intermedia x Dichanthium annulatum 


Calamagrostis-Ammophila 


*(C. epigeios x Ammophila arenaria) — 
XAmmophila baltica 

*4mmophila x Calamagrostis — 
XAmmocalamagrostis baltica 


Elymus-Hordeum 


(E. hirsutus x H. brachyantherum) — 
XElymordeum schaackianum 

(E. mollis x H. jubatum) — XElymordeum 
dutillyanum 

(E. viriginicus x H. jubatum) 
montanense 


+ Secondary citation. 
t Amphiploids produced. 


= XElymordeum 


(562T) 
(592) 

(5627) 
(232T) 
(305) 

(232+) 
(232T) 


( 21, 56, 232, 243) 
(163) 
(553) 


(173) 


(591) 
(591) 
(591) 
(665) 
(232+) 


( 93T) 
(478) 
( 36) 
( 93+) 


(275) 
(275) 
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. brachyantherum x E. condensatus) == 
XElymordeum berkeleyanum 
(H. brachyantherum x E. glaucus) — 
XElymordeum stebbinsianum 
(H. distichon x E. racemosus) — 
XElymordeum triploideum 
(H. jubatum x E. canadensis) — XElymordeum 
dakotense 
(H. jubatum x E. triticoides) — XElymordeum 
piperi 
H. mutans x E. giganteus 
H. nodosum x E. glaucus 
H. vulgare x E. giganteus 


Elymus-Sitanion 


*E. glaucus x S. hystrix 
tE. glaucus x S. jubatum 


Euchlaena-Zea 


E. perennis (4x) x Z. mays, one 3x hybrid = 
XEuchlaezea mertonensis 


Festuca-Lolium 


F. arundinacea x L. multiflorum and recip. 
F. arundinacea x L. perenne and recip. 
tF. elatior x L. perenne and recip. 

*F. gigantea x L. multiflorum 

*F. gigantea x L. perenne 

*F. rubra x L. perenne 

L. loliaceum x F. arundinacea 

L. loliaceum x F. capillata 

L. loliaceum x F. elatior 

L. multiflorum x F. elatior 

L. perenne x F. elatior 

(L. perenne x F. elatior) x F. arundinacea 
(L. perenne x F. elatior) x L. perenne 

tL. perenne x 4x F. elatior 

L. perenne x F. heterophylla 

L. perenne x F. rubra 

L. temulentum x F. elatior 


Oryzopsis-Stipa 

*O. hymenoides x S. californica 

*O. hymenoides x S. columbiana 

*O. hymenoides x S. elmeri 

*O. hymenoides x S. occidentalis 

*O. hymenoides x S. robusta 

*O. hymenoides x S. scribneri 

*O. hymenoides x S. thurberiana 

*S. neomexicana x O. hymenoides 

t*8. viridula x O. hymenoides 
(XStiporyzopsis hymenoides) 


* Natural hybrids. 
+ Secondary citation. 
t Amphiploids produced. 


52) 
( 52) 


( 52) 
( 24) 
(592) 
(562T) 


(155, 2327) 
(590) 


( 10) 


(153) 
(153, 279) 
(194) 

( 93+) 
(262+) 
(2627) 
(314) 
(313) 
(314) 
(668) 
(668) 

( 97, 314) 
(314) 

( 95) 
(313) 
(313) 
(160) 


(317) 
(317) 
(317) 
(317) 
(317) 
(317) 
(317) 
(655) 


(439) 
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Saccharum-Miscanthidium-Miscanthus-Bambusa-Sclerostachya-Narenga 


Saccharum officinarum x Bambusa arundinacea (499) 
Saccharum officinarum x Sclerostachya fusca (361) 
((Saccharum officinarum x Sclerostachya fusca]) x (361) 
S. fusca (twice) x Narenga porphyrocoma 
Saccharum sp.? x Miscanthidium violaceum ( 62) 
Saccharum sp.? x Miscanthus japonicus (362, 363) 


PoA. The most intensive attempts at interspecific hybridization in 
the Gramineae have been conducted with Poa by Clausen and co- 
workers (128) at The Carnegie Institution of Washington in Cali- 
fornia, where approximately 700 F; hybrid plants have been produced. 
These investigators crossed forms so widely separated geographically 
that they presumably had not had previous opportunity to cross. One 
of the objectives has been to develop forms with heterosis, transgressive 
segregation, and wider adaptation to several environmental factors 
(126, 130). More than half of the F;’s from crossing two facultatively 
apomictic species were sexual and segregated in F, (128). This has 
permitted further hybridization so that genomes or portions of gen- 
omes of as many as four species have been combined (625). Segre- 
gates from such quadruple Poa species-hybrids which differ widely in 
morphologic, ecologic and agronomic characters have been obtained 
(625). 

Akerberg (7) crossed both sexual and apomictic strains of P. 
pratensis with apomictic strains of P. alpina. In the F. from these 
crosses an array from completely apomictic to largely sexual types 
was obtained. These results along with those of Nygren (456) con- 
firm earlier studies (488) and suggest further that apomixis is due 
to a delicate genetic balance. 

Among the progeny of the F,, P. ampla x P. pratensis, three apo- 
mictic lines that had 98 to 100 chromosomes and resembled P. praten- 
sis were obtained (151). The F, P. scabrella x P. pratensis was 2n = 
70 and when crossed with P. ampla gave rise to a plant with 2n = 63. 
In the F, from this plant a clone with 2n = 62 was obtained. Two 
F, hybrids from crossing P. ampla with P. pratensis had somatic chro- 
mosome numbers of 68 and 80, respectively, but were indistinguishable 
morphologically. On the other hand, among 15 apomictic progenies 
derived from an F,; with 2n = ca. 83, three had somatic complements 
of 93 to 109 chromosomes, five had 68 to 75, and seven had 83 
chromosomes. These groups of lines differed widely in appearance 
and in response to environmental variables. 
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Meiotic studies of several Poa species and their interspecific hybrids 
(245, 246) indicate that univalents at MI are usually evident in sporo- 
cytes of higher polyploids. The range in meiotic behavior of inter- 
sectional Poa hybrids varied among F,'s with some having no more uni- 
valents than the parents, while others were less regular. F. plants from 
P. scabrella x P. pratensis varied in frequency of I's at MI from no 
more than in the F, up to 8 times as many. Segregation for parental 
characters in the F, was taken as evidence for pairing between P. 
scabrella and P. pratensis chromosomes. Grun (245) concluded that 
in interspecific crosses in the higher polyploid bluegrasses, the hybrids 
are largely “triploid” or “diploid” if the maternal parent is highly 
apomictic. In the material he studied, the majority of the hybrids were 
diploid. Evidence was obtained that the proportion of diploid to tri- 
ploid hybrids in a particular interspecific mating was significantly 
influenced by the genotype of the pollen parent. 

Current tests at several locations in various parts of the world are 
designed to assess the evolutionary and breeding implications of the 
Poa interspecific hybridization work. The California workers (129) 
indicate that possibly 10 or 15 of approximately 45 stabilized lines 
from intersectional crosses in Poa may eventually find places in the 
agriculture of the western United States. They further emphasize 
that the potentialities for producing a great range of new apomictic 
strains of Poa through intersectional hybridization are almost unlimited. 

Other workers (629) have attempted to establish the relationships 
among Poa species. The F,; hybrids between Poa annua (2n = 28) 
and both diploids, P. infirma and P. supina, were highly sterile. Meiosis 
in both hybrids was characterized by 7 completely paired bivalents 
and 7 I's. This was interpreted as an indication that Poa annua arose 
as the amphidiploid of the hybrid P. infirma x P. supina. 

OTHER HYBRIDS. Meiosis of interspecific hybrids in Agrostis (168, 
319, 321, 322) suggests that Agrostis tenuis and A. canina var. arida 
are closely related and that perhaps both are diploidized autotetraploids. 
The F, hybrid A. stolonifera x A. canina var. arida, on the other hand, 
possessed so many univalents at MI that little cytological affinity be- 
tween the parents was evident. A. stolonifera and A. tenuis appear to 
have at least one gencme in common, while the F,’s between hexa- 
ploid A. gigantea and the two tetraploids A. stolonifera and A. tenuis 
have two genomes in common. It was, therefore, inferred that the 
unpaired genome was different in the two preceding hybrids. 
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In a dry area of an old pasture where A. stolonifera, A. tenuis and 
their natural interspecific hybrids were identified, F, hybrids and hy- 
brid derivatives constituted 48 percent of the population, and A. tenuis, 
52 percent (58). From a wet area of the pasture, 16 percent comprised 
hybrid derivatives, and 84 percent, A. stolonifera. In the area between 
these ecological extremes, all plants were F, hybrids or hybrid deriva- 
tives. This, and the work with Poa, provided evidence that F, hybrids 
may transgress their parents in range of adaptation. 

The triploid hybrid, Alopecuris pratensis x A. aequalis, generally 
formed 7 II's and 7 I’s at MI of meiosis (441), although occasional 
III's were observed. Pairing was attributed to homology between the 
aequalis genome and one of the pratensis genomes, since A. pratensis 
is cytologically an allopolyploid. Progenies from backcrossing to A. 
pratensis had somatic chromosome numbers between 28 and 49. A 
35-chromosome plant had 14 II's and 7 I’s at MI and was partially 
fertile. The average chromosome number of 112 Fy. progenies of this 
plant was 33.78, indicating a slight meiotic elimination. The ob- 
served distribution of plants in chromosome-number classes did not 
deviate from expectation based on random distribution of the extra 
chromosomes to the two poles at AI, similar meiotic elimination for 
all extra chromosomes and independent elimination. Selection for in- 
crease in chromosome number in succeeding generations led to the 
isolation of plants with as many as 41 chromosomes. 

Hybridization between divergent types of Andropogon gerardi and 
A. hallii showed that desirable combinations of characters could be 
obtained from these cross-compatible bluestems (483). In the F,, 19 
reciprocal crosses showed similar frequency distributions of awn length 
and villousness of the inflorescence. The F. hybrids were intermediate 
with no noticeable segregation for the extremes of the parental types. 

The colchicine-induced octoploid derived from the F, Agropyron 
trachycaulum x Hordeum jubatum had an average of 25.6 II's at MI 
and set seed in 30% of its florets, notwithstanding its 44% pollen 
abortion (21). The amphiploid and its F; progenitor were very simi- 
lar in external characteristics except in seed set. The interspecific hybrid 
Hordeum sativum x H. bulbosum was obtained only with the aid of 
embryo culture (340). Meiosis in the hybrids, however, indicated 
relatively close homology between chromosomes of the two parents. 
Hybrids were completely self-sterile but produced 23% stainable pol- 
len and normal-appearing ovules (340). Natural introgressive hybridi- 
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zation was presumed from a critical study of 41 accessions of Bothrio- 
chloa intermedia. Harlan (272) concluded that 27 lots showed evi- 
dence of introgressive hybridization, 16 of them with Dichanthium 
annulatum, 4 with Bothriochloa ischaemum, 4 with B. pertusa and 
3 had characters derived from Capillipedium parviflorum. Possibly 
other species such as Bothriochloa ewartiana also contributed to this 
remarkable synthetic taxon. This analysis was suggestive of evolu- 
tionary paths involved in speciation. 

The hexaploid hybrid Calamagrostis arundinacea x C. epigeios was 
characterized by irregular meiosis but produced a sizeable F. popula- 
tion. Chromosome numbers in the F. ranged from 35 to 72. Fy plants 
having lower numbers of chromosomes resembled Calamagrostis varia 
(452). 

Mandan rice-grass from XStiporyzopsis caduca is a highly fertile 
true-breeding 130-chromosome amphidiploid of a natural hybrid from 
the presumed cross Stipa viridula x Oryzopsis hymenoides (439). This 
amphiploid regularly formed 65 bivalents at diakinesis. 

The triploid F, Pennisetum typhoides x P. purpureum produced 
98% poor pollen and the chromosomes formed 14 II's and 7 I's at 
diakinesis. The 2n = 42 amphiploid exhibited 21 II's at diakinesis 
and 92.8% pollen fertility (345, 347, 348, 350, 351). The F; chromo- 
some pairing suggested that one genome from P. purpureum was 
homologous to the P. typhoides genome. Failure to obtain chromo- 
some associations higher than II's in the amphidiploids in conjunction 
with looser pairing and a tendency for desynapsis at late diakinesis 
were suggestive that the F; chromosome pairing did not necessarily 
involve completely homologous chromosomes. An average occurrence 
of 3.7 bridges per P.M.C. at AII was also indicative of heterogenetic 
pairing in the amphidiploid and inversion heterozygosity. Tetraploids, 
as well as triploids and pentaploids, were produced by backcrossing 
the hexaploid amphidiploid to the diploid P. typhoides. Meiosis of 
these tetraploids indicated some trivalents, thus providing additional 
evidence that the pairing in the F, was allosyndetic rather than auto- 
syndetic (348, 350, 351). 

Considerable research effort continues to be devoted to studies of 
the interspecific hybrid Phalaris arundinacea 2n = 28 x P. tuberosa 
2n = 28, its reciprocal, and derivatives (19, 147, 377, 501, 572). 
A 42-chromosome F; P. arundinacea x P. tuberosa presumably resulted 
from fertilization of an unreduced egg by a normal male gamete. This 
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partially sterile F, gave rise to an F, population with about half hav- 
ing 34 to 36 chromosomes and the rest 42 to 44 (377). Meiotic in- 
stability in derivatives of the reciprocal hybrid was indicated by the 
fact that progenies possessed 48 to 52 chromosomes (19). Other in- 
vestigators (147, 572) have indicated that crosses were made more 
readily by using P. arundinacea as the maternal parent. They (147) re- 
ported the production of 75% of hybrid seed by interplanting a rela- 
tively self-incompatible clone of each parent species and suggested the 
commercial utilization of the heterotic F, by producing seed in this 
manner. A recent report (501) indicates that the sterile F, and a 
fertile amphiploid are being cultivated in Argentina. 

Studies of F; hybrids (572) of Phalaris arundinacea x P. tuberosa 
var. stenoptera showed them to be darker green, more glaucous and 
more profusely tillering than P. arundinacea, and more winter hardy 
than P. tuberosa. Pairing relationships varied in the F, hybrids but 
in general indicated a high degree of chromosome homology. Never- 


theless, pachytene analysis suggested that the F;’s were heterozygous 
for at least two inversions, two or more translocations, and at least one 
duplication or deletion. The 56-chromosome induced amphiploid 


showed bivalent pairing exclusively in approximately two-thirds of 
the cells analyzed, and some preferential pairing was suggested by the 
reduced frequency of precocious movement of I’s at metaphase in 
the amphiploid as compared with the F,’s. 

Two other interspecific hybrids in Phalaris, P. tuberosa x P. minor 
and P. coerulescens x P. minor, have been studied (14, 148, 281, 308). 
The former hybrid, like P. twberosa, is perennial and has early vigorous 
growth. The latter hybrid, like P. minor, is annual (14). The amphi- 
ploids of these hybrids were partially fertile (308). In the F; hybrid 
between P. coerulescens and P. mimor (281), the 7 P. minor univalent 
chromosomes were reported to have neocentromeres located distally 
in each arm. As a consequence of the effect of neocentromeres on 
anaphase chromosome movement, univalent bridges were formed at 
Al followd by chromosome breakage and subsequent loss of chromatin. 

Hybridization studies in Phlewm (443) supported the view that 
the genomes of P. alpinum and P. nodosum are very similar, although 
the genomes of P. pratense are more nearly homologous with that of 
P. nodosum than with P. alpinum. \t was further concluded that the 
hexaploid P. pratense is probably an autoploid of P. nodosum or a 
closely related species. 
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Several investigators (32, 98, 190, 250, 253, 395) have studied 
hybrids between Sorghum vulgare and S. halepense which have pro- 
vided evidence of a high degree of cytological relationship between 
the two species (98). That about 12% of the Fz population was annual 
like the S. vulgare parent, indicated considerable pairing between 
chromosomes of the two parents (32). Parts of at least 3 chromosomes 
that carried marker genes from S. halepense were recovered in 20- 
chromosome backcrosses to S. vulgare (253). Meiosis in these plants 
from pachytene through anaphase was completely normal, again indi- 
cating the close homology between portions of parental genomes. S. 
propimquum crossed with both S. vulgare and S. sudanense gave F; 
hybrids with completely regular meiosis (109). In Sorghum 2n = 40 
interspecific hybrids—S. vulgare x S. almum, S. vulgare x S. halepense 
and S. almum x S. halepense (190)—the proportion of zigzag to open- 
quadrivalent rings was 1:2.55. A similar proportion 1:2.40 was ob- 
served in S. almum. All IV’s were considered to result from pairing 
among homologous or homoeologous chromosomes. Celarier (109) 
proposed that S. propinquum was one of the tetraploid parents of the 
40-chromosome segmental allopolyploid species of the Halepensia sub- 
section with the other parent in the Arundinacea subsection. 

Meiosis at MI of 30-chromosome F, hybrids, S. vulgare x S. hale- 
pense, was characterized by an average of 6 III's, 4 II's and 4 I's, ap- 
proximating that expected of an autotriploid (250). Hadley (250) 
pointed out, however, that on the assumption of a basic number of 5 
rather than 10 and the assumption that S. halepense is AAAABBCC 
and S. vulgare AABB, the F, might be expected to show 5 III's, 5 II's 
and 5 I's at MI of meiosis. The further assumption of remote homology 
between B and C would account for more than 5 II's in the 30-chro- 
mosome hybrids. The formation of occasional quadrivalents in S. 
vulgare along with some VIII's in S. halepense (395) confirmed the 
assumption of 5 rather than 10 as the basic chromosome number in 
these sorghums. Hadley (252) obtained both 30- and 40-chromosome 
hybrids (Sorghum vulgare x S. halepense) and noted a genome dosage 
relationship associated with rhizome development, the 30-chromosome 
plants having more vigorous rhizomes. 


Endrizzi (191) reported a positive relationship between frequency 
of univalents dividing at the first meiotic division and genome simi- 
larity in hybrids of Sorghum species. The proportion of univalents 
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dividing at meiosis I was higher in the pure species than in their 
hybrids. 

Interspecific hybridization studies in Stipa are of particular interest, 
since the genus is characterized by multibasic haploid chromosome 
complements (373, 376, 487). Stipa lepida has 2n = 34, S. pulchra 
2n = 64, and S. cernua 2n = 70. A S. cernua haploid had maximum 
pairing of 2 loose II's. The F; S. cernua x S. pulchra had 10 to 19 II's 
with the remaining chromosomes as I’s. The F, S. lepida x S. pulchra 
had 17 II's and 15 I's in 69% of the P.M.C’'s. S. cernua x S. lepida had 
mostly 14 to 17 II's plus I’s, but 18% of the P.M.C.’s had 2 III's, 15 
II's and 16 I's (373). These results indicate that S. pulchra probably 
has the S. lepida chromosome set relatively unchanged, whereas the 
17-chromosome set in S. cernua is modified. The remaining chromo- 
somes in S. cernua and S. pulchra, respectively, appear to have been 
derived from differing ancestral species. Additional research (376) 
has led to the conclusion that the basic chromosome number in Stipa 
is 7 with haploid genomic constitutions of 14A’s and 3B’s for S. lepida, 
14A’s, 3B’s and 15C’s for S. pulchra, and 14A’s plus 21D’s for S. cer- 
nua. Pohl (487) postulated that Stipa latiglumis (2n = 70) is prob- 
ably an alloploid derivative of the interspecific hybrid S. elmeri (2n 
= 36) x S. lemmoni (2n = 34). These results suggest that alien ad- 
dition chromosomes may have played a part in evolution of species 
of Stipa. 

Li et al. (362, 363) have reported three types of F, hybrids from 
the cross Saccharum officinarum x Miscanthus japonicus. Chromosome 
numbers and morphological features of these hybrids indicated that 
they resulted from approximately n + n, 2n + n, and n + 2n ga- 
metic combinations. The last combination was a “patroclinous” type and 
has not been reported frequently in the Gramineae, though it was also 
reported in S. sinense x S. officinarum (492). Non-reduction on the 
maternal side, on the other hand, is not uncommon, particularly in 
facultative apomicts. Such 2n + n combinations have also been re- 
ported in interspecific hybrids in Saccharum (492, 493) and in the 
intergeneric hybrids S. officinarum x Bambusa arundinacea and S. of- 
ficinarum x Narenga sp. (499). 

At MI of meiosis, the 88-chromosome F, hybrids S. officimarum x 
S. spontaneum had 42 II's and 4 I's, and up to 44 II's. The 128-chromo- 
some hybrids had from 59 II’s and 10 I’s to 63 II's and 2 I's, with 
a rarity or absence of multivalents. Results for the 88-chromosome 
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F, suggest that autosyndesis is occurring and that the two parents are 
either autoploid or, if not, that the homology of separate genomes 
within a species is greater than that between species. Results from 
128-chromosome F, plants are in agreement with this interpretation 
except for the absence of expected trivalent associations. 

In a first backcross of (Saccharum officinarum 2n = 80 x Sclero- 
stachya fusca 2n = 30) to Sclerostachya fusca there were 72 chromo- 
somes, 42 of them from sugarcane (361). Thirty six II’s in many 
P.M.C.’s were evidence of complete autosyndesis. The larger closed 
II's of Sclerostachya were easily distinguished from the smaller 
open II's of sugarcane. In BC II (2n = 50) and BC III (2n = 40) 
there was also nearly perfect pairing. BC II] had been made 
with Narenga porphyrocoma (2n = 30). Li (361) conjectured that 
the 10 sugarcane chromosomes appear as 2 sets of 5, with 3 of each 
set partially homologous with those from the other set. In BC III 
pairing between Saccharum and Sclerostachya-Narenga chromosomes 
was also noted. S. officinarum 2n = 80 may have originated following 
hybridization between two unidentified species with n = 5, leading 
to segmental allopolyploidy and followed by two successive autopoly- 
ploidizations. 

Price (493) suggested that 10 was probably the genomic chromo- 
some number for S. officimarum and that the basic number in S. spon- 
taneunm was probably 8, but possibly 12. Thus, it appears that hybridiza- 
tion possibly followed by established aneuploidy has contributed to 
speciation in Saccharum (500) as in Stipa. 

In the F, hybrids between Zizania aquatica (n = 15) and Z. latifolia 
(n = 17), Hirayoshi (290)' observed 4 to 7 pairs of chromosomes at 
MI with a mode of 5 pairs. He proposed that the 12 unpaired chromo- 
somes from Z. latifolia may have been obtained from Zizaniopsis 
miliacea (n = 12) in view of certain similarities between these two 
grasses in floral morphology. If this relationship is born out by future 
research, it will provide another example of the path of evolution of 
multibasic complements within genera. 


POTENTIALITIES OF WIDE HYBRIDS 


The literature and theoretical considerations on interspecific and 
intergeneric hybridization suggest that such hybrids may be used in 
several ways in grass improvement. These may be listed in summary 
form as follows: 
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I. Species that intercross readily may be interplanted on range- 
lands to produce heterotic hybrids. 


II. Superior apomictic, stoloniferous or rhizomatous F,’s may be 

propagated as such for commercial utilization. 

Amphiploids from F,’s may be used as: 

a. Non-segregating pure lines. 

b. Parents in crosses among genetically diverse genotypes to 
produce synthetics or populations for further selection. 

c. Segregating amphiploids as source material for further 
selection (20). 

. Partially sterile amphiploids may give rise to fertile alien 
addition races or to valuable aneuploid types that in some 
cases may be propagated vegetatively or by apomixis (349). 

V. Interspecific or intergeneric hybrids may serve as a “bridge” 
in obtaining still wider crosses. 

VI. By backcrossing, simply inherited desirable characteristics of 
wild species may be transferred to economic species not pos- 
sessing the characteristic. 

. Male-sterile forms that would facilitate a fuller commercial 
utilization of heterosis in some cases may be produced by 
transferring genomes of naturally cross-fertilized species to 
cytoplasm of another species or genus. 

Cytoplasmic-genomic interaction effects on male-sterility have been 
illustrated in Aegilops interspecific hybrids (332, 333) and in Tri- 
ticum-Aegilops hybrids (212). Plants with T. durum chromosomes in 
A. ovata cytoplasm were uniformly male-sterile, though the 28 chromo- 
somes paired as II’s and meiosis was otherwise normal. Restoration of 
the T. durum genomes to T. durum cytoplasm by backcrossing to the 
amphiploid T. durum x. A. ovata resulted in male-fertile plants 14 II's 
at MI. Transfer of the A. ovata chromosomes to T. durum cytoplasm 
by backcrossing, on the other hand, did not result in male-sterility. 
This study suggested that a male-sterile factor was located in the A. 
ovata cytoplasm and that nuclear genes present in A. ovata but not 
in T. durum overcame the effect of the cytoplasmic factor or factors. 
Evidence did not suggest that either alien genomes or cytoplasm car- 
ried by the pollen produced permanent changes in foreign cytoplasm. 

Nielsen (437), from studies of derivatives of a single natural Agro- 
pyron-Elymus hybrid, arrived at somewhat similar conclusions concern- 
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ing the importance of cytoplasmic influence with reference to subse- 
quent seed fertility. He proposed that pollen-fertile Agropyron-like 
derivatives of the natural hybrid arose as a result of Agropyron-like 
pollen being received by plants with Agropyron-like cytoplasmic back- 
ground, and “the converse of this for pollen-fertile Elymus-like plants 
would result in fertile E/ymus-like plants.” It is well to recall, however. 
that all plants studied by Nielsen (437) traced to one Elymus-like 
hybrid maternal parent. 

The difficulty of transferring quantitatively inherited characters from 
one species to a taxonomically distinct species or genus has been il- 
lustrated (539, 601). The occurrence among derived lines from such 
hybrids of several intermediate classes for the desired characters gen- 
erally suggests quantitative inheritance and the probability of carry- 
ing along undesired linked genes as selection is practiced for maximum 
expression of the desired trait. Success in transferring relatively simply 
inherited characteristics, on the other hand, from one species to an- 
other, is well known to cereal breeders. Elliott (183) has suggested 
that such characteristics may be successfully transferred by induced 
translocations if (4) unfavorable pleiotropic effects are not involved, 
(b) genes conditioning the character are expressed equally or simi- 
larly in the receptor and in the donor, (c) fertility in the F; or BC, 
is not seriously reduced, and (d) the desired gene is not too closely 
linked with genes having unfavorable effects on growth, reproduction 
and adaptation. 

Transferring rust resistance from a wild species to a cultivated spe- 
cies of Pennisetum has been indicated as one of the objectives of in- 
terspecific hybridization in this genus (347). Success has already been 
attained (33) in selecting high resistance to or immunity from ergot 
in Paspalum dilatatum-like lines derived from the hybrid, P. mala- 
cophyllum x P. dilatatum. 

Riley et al. (520-522) and Sears and Okamoto (542) have shown 
that diploidizing gene(s) in chromosome V of Triticum vulgare are 
also effective in intergeneric hybrids. Triticum vulgare monosomic 
V (6x-1 = 41) was crossed with Aegilops longissima (2x = 14) 
and with Secale cereale (2x = 14). F,; hybrids with 28 chromosomes 
possessed, and those with 27 did not possess, chromosome V. There 
was a mean of 23.96 I’s in the 28-chromosome Triticum-Aegilops hy- 
brids and only 7.50 to 9.85 I's in the two 27-chromosome hybrids. In 
addition to II's there were III's and IV's in the 27-chromosome Triti- 
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cum-Aegilops and Triticum-Secale hybrids. The IV’s suggested that 
pairing occurred between chromosomes of the two genera as well as 
among wheat homoeologous chromosomes. The extent to which chro- 
mosomes or a few genes in other polyploid grasses may govern “dip- 
loid” pairing is not known. Recombination of characters from several 
species through hybridization should be facilitated if such chromo- 
somes were identified and excluded in future hybrids. 

Stebbins (585) has recently reviewed evidence bearing on theories 
of hybrid inviability, sterility and breakdown in plants. Nevertheless, 
many studies in the Gramineae, along with the overwhelming evi- 
dence suggesting that natural allopolypioidy is widespread, are suf- 
ficiently exciting to permit the prediction that extensive interspecific 
hybridizations will be made in the future. In addition, it seems reason- 
able to expect that an increasing number of products of such research 
will find places in agricultural and conservation practices of the world. 


INHERITANCE OF QUALITATIVE CHARACTERS 


AGROPYRON. Different methods of inheritance were ascertained in 
Agropyron species for several characters (231, 232). In A. repens, 


awn length was determined by the gene pair Aa: tip awned AA, mid- 
awned Aa, and long awned aa, while in A. pungens there were two 
types, tip awned being dominant to awned. In A. repens, glaucous 
plant color was dominant to green and glabrous rachis dominant to 
pubescent. A. caninum, when self-pollinated, produced true-breeding 
glaucous and green plants. 

DACTYLIS GLOMERATA. Further observations (509) on chlorophyll 
abnormalities in Dactylis glomerata were interpreted as supporting 
earlier hypotheses of autotetraploidy. Studies on inheritance of chloro- 
phyll deficiencies and other genetic markers (164) showed genetic 
control of albino, luteus, alboviridis, virescent and pale. Albino was 
inherited tetrasomically, virescent was recessive and bred true except 
that some virescents segregated for albino. Glabrousness was con- 
sidered recessive. 

Complete chlorophyll deficiency was controlled by two independ- 
ently inherited genes with complementary effects (509). Plants nulli- 
plex for the two loci were chlorophyll-deficient. Results of another 
study (63) of this character were more in accord with earlier results; 
the quantitative gradations in color from dark green GGGG to white 
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gggg were attributed to incomplete dominance of a tetrasomically 
inherited gene. Although disparities caused by lethality of white types 
gggg and sublethality of yellow types Gggg did not permit proof of 
autotetraploidy, alloploidy was excluded by the segregation ratios in 
F, and Fs. 

Hairiness of the sheath was reported (509) as controlled by three 
loci (G, P, V), plants with fewer than 6 of the cumulatively dominant 
alleles being hairy. Hairiness at the base of the blade around the 
sheath was also recessive to glabrous, and these three loci were desig- 
nated C, I and L. The loci G, P and V appeared to be distant from the 
centromere, whereas two of the three loci—C, I and L—were presum- 
ably located near the centromere as indicated by frequencies of double 
reduction. There was some evidence from this study to suggest linkage 
between certain of the factors conditioning hairiness at the base of 
the blade with factors conditioning sheath hairiness. Since one locus 
affecting hairiness at the base of the blade was distant from the centro- 
mere as were G, P and V, apparent linkage may possibly be due to 
a common locus affecting the two traits. 

Studies of male-sterility in Dactylis glomerata (418) were inter- 
preted as indicating control of this character by interaction of cyto- 
plasm and a dominant gene. Plants were sterile when the appropriate 
cytoplasm was accompanied by the sterility gene in quadruplex, tri- 
plex or duplex condition. Modifying factors appeared of importance 
in determining whether simplex plants with male-sterile cytoplasm 
were male-fertile or male-sterile. About half of the plants classified 
on the basis of breeding behavior to be simplex were male-sterile, and 
the others were male-fertile. Two fertile-pollen parents proved to be 
triplex for the sterility locus, thus indicating to Myers (418) that the 
sterility gene produces male-sterility only in the presence of appro- 
priate cytoplasm. Recent unpublished studies by the writers on a limit- 
ed amount of the male-sterile Dactylis studied by Myers indicate that 
some male-sterile plants are hyper-aneuploids. Whether male-sterility 
is a cause or consequence of the unbalanced complement has not yet 
been determined. If extra chromosomes, in this case, are the cause 
of male-sterility, a higher rate of transmission of the extra chromo- 
somes through the female than the male gametes could well parallel 
results expected as a consequence of proposed cytoplasmic-genic inter- 
action. Additional studies are required to clarify the genetics of male- 
sterility in Dactylis glomerata. 
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ELEUSINE. A 3:1 segregation was observed for normal plants and 
plants with leafy shoots instead of spikes in Eleusine coracana (170). 
Two genes, E, and Ez, with additive effects differentiate the so-called 
top-curved, incurved and fist-like panicle types in this species (636). 

FESTUCA. Ciliated auricles, a character differentiating Festuca arun- 
dinacea from F, elatior (154), exhibited phenotypic dominance over 
the non-ciliated character in F, crosses between F. arundinacea and 
(Lolium perenne x Festuca elatior) (97). The ciliated auricle served 
as a useful marker in interspecific and intergeneric crosses. 

Inheritance studies of self-incompatibility in Festuca elatior (378) 
indicated that twd loci were involved, that reaction was of the game- 
tophytic type, and that complete incompatibility did not occur unless 
both factors of the pollen were present in the style. First-generation 
inbred plants were intercrossed to obtain the data leading to this in- 
terpretation. It should be pointed out, however, that 7 of 26 I, plants 
were self-compatible and, therefore, excluded from the genetic study. 
Such self-compatible I, plants would not be expected on the basis 
of the proposed genetic model, and additional information is needed 
to explain the genetic basis of these exceptional phenotypes. 

LOLIUM. In Loliwm (508), folded leaf in seedlings was dominant 


to rolled leaf, with three loci involved: P;p;, Pope and Psps3, Pi was 
epistatic to Py and P» epistatic to Py. Absence of auricles was dominant 
to presence, also with three loci, O,0;, Oxo2 and O303, and epistasis 
as above. Linkage in the coupling phase was reported between P; and 
O,, P2 and Oz, and between P; and O;. Thus segregation ratios ap- 
proximating 3:1, 10:6, 13:3, and 25:39 were obtained for each of 
the two sets of contrasting characters. 


In Lolium perenne the character roughness of culms and upper leaf 
sheaths was inherited as a simple dominant to smooth culms and 
sheaths (666). Wide differences in inflorescence types characterizing 
Lolium multiflorum appeared to be subject to environmental modi- 
fication under greenhouse culture (248). Genotypic-environmental 
interaction was of importance in the expression of these characters. 
Among colchicine-induced tetraploid material of Lolium perenne, one 
plant was both male- and female-sterile (524). Sterility here was 
explained as possibly related to the doubling of genes for sterility or 
to unfavorable interaction between cytoplasm and genomes in the 
tetraploid condition. 

Fejer (198) reported the discovery of two purely female plants of 
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22 in the third inbred generation of Loliwm perenne. Progenies segre- 
gated 3:1, and the female plants again set seed after open pollination. 
The author suggested a recessive factor changing sex expressions, per- 
haps through control by auxins. 

PENNISETUM. Studies of “cultivated” Pennisetum were interpreted 
to show single gene pair control for 8 of 10 chlorophyll deficiencies 
(638). In crosses between dwarf plants, the inheritance of nanism 
was unifactorial and in some lines linked with chlorophyll deficiency 
(638). In P. clandestinum, male-sterility has been attributed to a single 
recessive gene (427). Burton (88) has reported cytoplasmic male- 
sterility in P. glaucum with fertility-restorer genes prevalent in many 
inbred lines. Menon (394) reported a similar mechanism governing 
male-sterility in P. typhoides. 

PHALARIS, The genetic mechanism conditioning self-incompatibility 
in Phalaris coerulescens was analyzed by use of diallel crosses among 
‘ parents and progenies of certain crosses. The control of incompatibility 
in this species (282) was related to two independently segregating 
loci, each with a series of multiple alleles. The genes acted independ- 
ently in conditioning the compatibility of the style, whereas the pollen 
grain behavior was determined gametophytically. A pollen grain was 
incompatible when the two genes it carried were both present in the 
style. A similar genetic basis for self-incompatibility has been reported 
for other grasses (378). 

PHLEUM. The inheritance of chlorophyll deficiencies has been studied 
in natural Phleum pratense and in progenies of a cross between natural 
plants and the P. pratense derived from P. nodosum by induced auto- 
ploidy (445, 446). From an analysis of large segregating populations, 
inheritance of chlorophyll deficiency in both types of material was 
best explained on an autohexaploid basis. The only plants that gave 
“possible” disomic ratios were extremely self-incompatible, and the 
I, family from one of these which could be tested indicated that dis- 
omic inheritance could be ruled out. 

POA. Dominance of perenniality over the annual character was dem- 
onstrated in crosses among the two types in Poa annua (299). Early 
flowering was partially dominant to late flowering in this species but 
was controlled by more than one factor pair. 

SACCHARUM-MISCANTHUS. The inheritance of starch grains in in- 
ternodal parenchyma cells of various sugarcane x Miscanthus japonicus 
hybrids has been reported (120). The reduced chromosome comple- 
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ment of Saccharum was designated “O” and that of Miscanthus as 
“M”. Study of the types OO, OOM, OM, OMM and MM revealed 
starch in the internodal parenchyma only in the last two types. Cheng 
(120) concluded that dosage relations between “O” and “M” chromo- 
somes were of importance in expression of the character. 

SETARIA. Genetic studies with Setaria italica (602) identified the 
following genes controlling a variety of characters: N and G for color- 
less or gray pericarp; Y; and Y»2 for yellow or white endosperm; M 
for glutenous or non-glutenous endosperm; complementary genes B, 
I and K control head color; complementary genes C, R and H control 
leaf sheath color; Ee spherical or ellipsoidal grain; A; Az Ag albino 
seedlings; and Ss, fertile or sterile heads. 

SORGHUM. Investigations of the genetics of Sorghum vulgare have 
been continued and reviewed (496). Recent studies indicate that male- 
sterility in sorghum may have a cytoplasmic basis (400) or result 
from a cytoplasmic-genomic interaction (595) in cases in which kafir 
chromosomes are transferred to milo cytoplasm. Male-sterility was 
attributed to a recessive gene ms, interacting with the cytoplasm 
(386). The ms, locus was independent of the gene conditioning awns; 
mse, therefore, was not allelic to ms2 which was linked with the gene 
conditioning awns. 

Other studies (343) have revealed a form of male-sterility and 
partial-female sterility related to desynapsis of chromosomes during 
meiosis. Desynapsis in each of two unrelated sources was conditioned 
by a single recessive factor. The desynapsis genes in this material were 
designated as' and as”, although their allelism was not tested. 

Barren sterility in Sudangrass was characterized by absence of sexual 
organs and reduced glume development (624). Breeding behavior 
of S;, S» and Fz generations suggested that the character was con- 
ditioned by a monogenic recessive. Modifying genes were presumed 
to be involved in low seed set in one progeny. Random partial-sterility, 
which also occurred, was attributed to cryptic chromosomal differences. 

In crosses between Sudangrass and several sorghum genetic stocks 
(94), variation in HCN production within segregating populations 
was suggestive of quantitative inheritance for the trait. There was 
a definite tendency for coarse-stemmed plants to be higher than fine- 
stemmed segregates in HCN. Possible linkage of ¢s with a factor 
conditioning HCN production was proposed. Plants homozygous for 
21, ge, yl or susceptibility for chiltex leaf spot tended to be lower 
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in HCN, suggesting a pleiotropic effect of these genes rather than link- 
age (94). 

Several reports of the induction of true-breeding diploid murnts 
in sorghum by colchicine treatment were discussed in a recent paper 
(22). These investigators and their co-workers demonstrated that 
varieties of sorghum differed in response to colchicine treatment as 
measured in frequencies of mutants produced. Progenies of 24 of 43 
surviving treated plants of one variety were homozygous or segre- 
gated for one or more mutant characters. Fourteen of the colchicine- 
treated plants possessed awns, whereas all the untreated plants of 
this variety were awnless. Eighteen of the 24 mutant plants bred true 
for all changed characteristics, and the other six segregated in the 
following generation. Similar colchicine treatment of a second variety 
of sorghum resulted in only 4 of 45 plants giving rise to mutant dip- 
loid progenies. Two of the four bred true for the mutant character- 
istics. 

Meiotic studies of such mutant plants, untreated parents and F, 
hybrids gave no evidence of chromatin rearrangement or cytological 
irregularities. Genetic studies of F2 populations from crosses of imu- 
tant x parental lines indicated that mutation had occurred at a num- 
ber of loci, some of which appeared to be independently inherited. 
True-breeding mutant lines in turn responded by further mutation’ 
when subjected to colchicine treatment. 

The South Dakota workers have suggested that mutant plants shight 
result from point mutations made homozygous by a somatic reduction 
of the chromosomes followed by doubling of the chromosome number. 
One experiment, however, using material heterozygous for marker 
genes, indicated that sectorial chimeras homozygous for the marker 
genes and without mutations do develop. Thus the events of muta- 
tion and somatic reduction followed by doubling do not necessarily 
occur concurrently. Study of root-tips of sorghum treated with col- 
chicine indicated that reductional groupings 4:16, 6:14, 7:13, 8:12, 
9:11 and 10:10 occurred at a higher frequency than in untreated 
roots (22). 

It seems probable that reductional groupings followed by chromo- 
some doubling without mutation in the narrow sense may be the 
basis for the colchicine-induced variants in sorghum. In view of a 
basic number of 5 in certain species of Sorghum, it is tempting to 
suggest that in S. vadgare, with n = 10, certain chromosomes are 
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essentially duplicated in the basic complement but differentiated in 
terms of allelic composition and structural arrangement. The alleles 
in one such chromosome pair may normally suppress the expression 
of certain unlike alleles in the other chromosome pair. Reductional 
groupings followed by chromosome doubling could well result in 4 
members of one pair and none of the other pair, thereby maintain- 
ing chromosome number but releasing the expression of a number of 
alleles previously covered up by the alleles of the other pair of chromo- 
somes. One might expect to detect some quadrivalent pairing in homo- 
zygous “mutant” lines derived in such a manner unless a strong mech- 
anism for bivalent pairing has evolved within the species. 

Additional work is required to establish with certainty the cyto- 
genetic basis of the induction of homozygous “mutants” by colchicine 
treatment. If the cytogenetic basis of colchicine-induced “mutations” 
is as outlined here, favorable results might be obtained with certain 
allopolyploid grasses by treatment with colchicine. Similarly, the in- 
duction of homozygous sectors without mutation would provide mate- 
rials in naturally self-incompatible species that could be used to ad- 
vantage in genetic experiments. 

Other recent studies have been concerned with inheritance of 
resistance to leaf blight incited by Helminthosporium turcicum in 
Sudangrass (174). Indications are that probably more than one factor 
pair is involved, but resistance to stalk red rot incited by Colletot- 
richum graminicola was dominant and appeared to be conditioned by 
a single factor pair (133). Reaction to leaf anthracnose was similarly 
determined (133, 357). 

Another case of linkage was reported in sorghum, with the genes 
for midrib color and length of glume linked with a cross-over value of 
16%, and each of the characters monogenically determined (674). A 
report (410) on the desirable combination of vigor and perenniality 
without undue spreading of rhizomes in Sorghum almum, a presumed 
natural hybrid of S. halepense and S. vulgare, includes mention of tall 
luxuriant foliage with HCN content no higher than in annual types. 
In S. vulgare, normally having juicy stalks and dull midribs, study of 
a variant with dry stalks and white midribs showed that these charac- 
ters were controlled by the same factor pair DD. Simple dominance 
was found (571) for telescopic leaf sheath (Ls) over normal leat 
sheath. 

Crossing of two varieties of sorghum differing in nicotinie acid 
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content of the seed, 42.1 pg/g and 69.3 ug/g, resulted in F, plants 
having seeds with 46.3 ug/g (599). This suggested nearly complete 
phenotypic dominance for low content. In an Fy population of 335 
plants, however, approximately two-thirds of the plants had intermedi- 
ate nicotinic acid content and one-third exceeded the higher parent, with 
one F, plant having 103 pg/g. These analyses pointed to transgressive 
inheritance. The stability of nicotinic acid content in pure varieties 
together with results of these studies may be interpreted as indicating 
that the F, variation was largely heritable. 

Height in Sorghum is conditioned by four independently inherited 
factor pairs plus a modifying complex affecting elongation of inter- 
nodes (391). Tallness is partially dominant, and the recessive height 
factors do not affect time of bloom or leaf size. Plants recessive for 
4, 3, 2 and 1 gene were usually 40 cm., 50 cm., 100 cm and 150-200 
cm. tall, respectively. Instability of at least one of the four genes for 
shortness was indicated. When inheritance of height in Sorghum vul- 
gare was analyzed statistically as a quantitative character, it was esti- 
mated that at least four independent genes with unequal effects were 
segregating in the cross between Double Dwarf White Sooner Milo and 
Durra (251). These results were in close agreement with a previous 
study that used essentially Mendelian procedures (495). A model 
based on assumptions compatible with results from these two inves- 
tigations, however, indicated that an eStimate of approximately four 
genes could be obtained where actually two major and eight minor 
independently inherited genes were involved. 

ZOYSIA. Forbes (205) has shown that a single factor pair (Aa) 
governs anthocyanin production in the coleoptiles and stolons of Zoy- 
sia with the homozygous recessive resulting in no anthocyanin. 


INHERITANCE OF QUANTITATIVE CHARACTERS 


Formulae have been developed (258) for calculating the number 
of possible genotypes in diploid and autopolyploid organisms with 
a variable number of alleles segregating at differing numbers of loci. 
Thus in an “m”-ploid zygote, where q is the number of different alleles 
at one locus, (q+m-l)! gives the number of possible genotypes, 

-I! m! 
whereas the aa of genotypes possible with “n” unlinked loci 
is the product of “n” such expressions. The number of possible geno- 
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types with a number of genes linked was also figured. If C is the total 
number of types of chromosomes which can be formed, the number 
of distinct diploid zygotic genotypes is C(C+1) with the corres- 


2 
ponding formula for autotetraploids as C(C+1) (C+2) (C+3). 


4! 
Here, too, the number of possible genotypes, where more than one 
chromosome is involved, is the product of the expressions calculated for 
the individual chromosomes. These theoretical considerations focus at- 
tention on the fact that multiple alleles at a few loci in autopolyploids 
provide for such a large number of possible genotypes that inheritance 
in such cases may appear to be quantitative. 

Many studies of the inheritance of quantitative characters are re- 
ported in the literature, and reviews of this work are available (264, 
280). Only a few recent studies representative of the literature are 
reviewed here. 

Estimates of heritability for various agronomic characters were made 
in several perennial grasses by doubling the regressions of open-polli- 
nation progenies on parent clones (338). Heritability appeared to be 
high for degree of creeping in Bromus imermis and intermediate 





wheatgrass, degree of aphid damage in crested wheatgrass, and leaf 
spot incidence in B. imermis. In all three grasses forage yield was in- 
termediate to low in heritability. These results illustrate the oppor- 
tunity for selection for certain highly heritable characters on the basis 
of clonal performance without progeny testing. 


BOUTELOUA. From a source nursery of Bouteloua curtipendula, Har- 
lan (270) was able to fix through two cycles of selection, certain 
characters, e.g., inflorescence length, leaf placement and growth habit. 
Other characters were less well fixed. Blue-green wide leaves, suscepti- 
bility to rust, and late flowering appeared to be associated. Bright 
yellow fine leaves and fine stems seemed to be associated; also abun- 
dant culms and earliness. While these sélection experiments did not 
provide exact genetic data, they contributed valuable information for 
breeders. Interpretation of the results may be limited by the failure 
to relate morphological features to possible variations in chromosome 
numbers and/or apomixis. 


BROMUS. It has been postulated that genes with both additive and 
non-additive effects influenced seed-set in Bromus imermis (2). Ad- 
ditional studies with this species (570) indicated a fairly high herita- 
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bility for seed-setting ability under open-pollination and for percent 
normal pollen. In Bromus imermis (241), clones showing the greatest 
inbreeding depression tended to produce the best topcrosses. Also 
there was a slight tendency for the lower yielding S, lines to give 
better topcrosses than higher yielding S, lines. Measured by the 
progeny-parent regression, heritabilities were calculated as follows: 
16% for leaf disease score, 19% for leafiness percentage, 46% 
for spring vigor score, and 48% for forage yield. In spite of the higher 
heritability for forage yield, failure to recover I, lines with improved 
combining ability led to the conclusion that opportunities for enhanc- 
ing combining ability for yield through selection in inbred populations 
appeared remote but that selection for other traits during inbreeding 
may be productive (241). 

DACTYLIS. In Dactylis glomerata, general combining ability of non- 
inbred selections and their fourth-generation inbred progenies was 
compared through the polycross progeny test (267). Of 52 I, lines 
from 18 parental clones, only four exceeded the non-inbred parent 
significantly, in general combining ability for yield, while 10 I, lines 
were significantly inferior. None of the 10 I, lines derived from the 
four highest combining non-inbred parent clones significantly exceeded 
the parents in genera! combining ability. 

Significant differences were found among clones of Dactylis glomerata 
in water requirement, herbage production and total water used (328). 
Herbage yield and water requirement were significantly correlated 
(r = -.80), indicating that plants selected for high yield were capable 
of more efficient water utilization than lower yielding plants. 

Inheritance of developmental stages (263) in crosses and back- 
crosses between two early- and one late-maturing clone of Dactylis 
glomerata was investigated. The entire maturation period was divided 
into three developmental stages: (4) number of days from initiation 
of growth to heading, (4) number of days from heading to flowering, 
and (c) number of days from flowering to seed-ripening. Means of 
genetic variances estimated for the three stages suggested that both 
phenotypic and genic dominance tended to be incomplete. A factor 
C postulated for early heading showed partial phenotypic dominance 
over genes A and B for delayed heading. A and B appeared to behave 
additively with A having greater phenotypic effect than B, and B per- 
haps needed in duplex for expression. The three periods were said to 
be conditioned by a total of 8 major genes, of which some might be 
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expressed in more than one stage. The first interval accounted for an 
appreciable amount of the totol variation in all populations except 
crosses and backcrosses to the late clone. 

FESTUCA. From six replications of 49 space-planted clones of Fes- 
tuca arundinacea, heritabilities were calculated and clones found to dif- 
fer significantly for estimated and actual forage yield, seed yield, disease 
resistance and greenness (heat and drought resistance) (90). Herita- 
bilities from single-plant data ranged from .34 to .59 compared with 
a range of .76 to .90 for estimates based on clonal means. Greenness 
and forage yields were significantly correlated (r = .68 to .72). 

LOLIUM. In Lolium (137), crosses were made between extreme 
populations of the outbreeding group, L. rigidum, L. italicum and L. 
perenne. Parents, F;, F. and backcross progenies, grown under con- 
trolled temperatures and photo-periods, gave responses interpreted as 
showing polygenic control for heading. Phenotypically uniform popula- 
tions carry considerable hidden genetic variation in heading responses 
which gives high immediate fitness and yet maintains a reserve of 
variation for evolutionary change. 

Cooper (139) concluded that most of the variation in date of ear 
emergence within each of three varieties of Lolium perenne was gen- 
etic and additive with little or no dominance. 

Fejer (197) reported a genotype x environment interaction for for- 
age yield of Lolium perenne selections. This interaction was based on 
the fact that the clones yielding most at a higher temperature had larger 
individual tillers than the low yielding clones, but at the lower tem- 
perature the latter clones more than compensated by producing many 
more tillers. 

Pennisetum. Yield studies of hybrid and parent inbred Pennisetum 
glaucum (83) revealed the influence of seeding rate. The F, hybrid 
yielded 14.6%, 40.1% and 37.9% more than the mean of the inbred 
parents when seeded at rates of 20, 5 and 2% Ibs. per acre, respective- 
ly. Crossing inbred lines of this naturally cross-fertilized species re- 
sulted in heterotic F, hybrids as expected. These results emphasized 
the importance of the environment in the expression of factors af- 
fecting yield. 

Determination of the number of genes governing quantitative char- 
acters has been related to the development of statistical procedures. 
The variance method was used in Pennisetum glaucum (85) in the 
estimate of a minimum of one gene governing head length and leaf 
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width and two to four genes for stem diameter, internode length, num- 
ber of stems per plant, and date of maturity. Dominance was found 
for few stems per plant over many and partial dominance for early maturity 
to late, and wide leaves to narrow. Frequency of recovery of parental 
phenotypes in the F., however, suggested that the inheritance was 
probably controlled by more than the minimum number of genes as 
estimated by the variance method. When formulae for arithmetic and 
geometric gene action were applied (86), the gene action for yield, 
stem diameter and maturity was largely arithmetic; and for plant 
height, geometric. 

Burton (89) found great variation in amounts of non-additive 
variance for yield in 15 tests of single crosses among inbred lines of 
Pennisetum glaucum. On the average, however, 54 percent of the 
total genetic variance for forage yield was non-additive. He concluded 
that maximum yield advance in this species will be dependent upon 
the development of commercial F, hybrids. In P. glawcum also it was 
demonstrated that the pollen parent as well as the maternal parent 
had significant effects on seed set and seed weight (87). 

POA. Although basic information on the relative performance of 
interspecific hybrids involving parents adapted to very different cli- 
mates is meagre, contributions have been made to this topic (286). 
F, hybrids between species from diverse climates varied among and 
within crosses, and some exceeded the parents in tolerance whereas 
others were inferior. Poa ampla x P. pratensis ssp. alpigena was inter- 
mediate in morphological characters and growth responses at three 
altitudes. On the other hand, first-generation hybrids between Poa 
scabrella or P. caespitosa and P. pratensis were non-hardy at higher 
altitudes as is P. scabrella. A third type of response was evident in the 
F, P. ampla x P. scabrella, which resembled P. scabrella in periodicity 
and range of tolerance bu: was more deeply rooted, longer leaved and 
more vigorous. 

SETARIA. In Setaria sphacelata, high open- and self-fertility were 
found to accompany a stoloniferous growth habit, whereas low fer- 
tility was generally found in single-tufted ecotypes (226). 


VARIATIONS IN NATURAL POPULATIONS 


Centers of distribution of cultivated pasture grasses and their sig- 
nificance for plant introduction have been discussed (277). Fewer 
than 100 of the 10,000 known species are used extensively in the 
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establishment of sown pastures. The tribes of Gramineae in order of 
descending number of species represented were Festuceae, Paniceae, 
Agrostideae, Aveneae and Andropogoneae (277). These important for- 
age grasses form part of the indigenous flora in three main regions, 
namely, the Eurasian with 24 species, an East African with 8, and a 
subtropical South American with 4 species (277). The Mediterranean 
area, considered a sub-region of the Eurasian, displays extensive in- 
traspecific variation and presumably potentially useful character com- 
binations. Hartley and Williams (277) advised (a4) study of species, 
sub-species and ecotypes from the Mediterranean area which are closely 
allied to Eurasian cultivated pasture grasses, (6) further search for 
East African and South American grasses not yet tested for suitability 
for cultivation, and (c) investigation of grasses from other regions, 
having special regard to the ecological and evolutionary factors ap- 
parently important in the present distribution pattern of cultivated 
grasses. These suggestions appear to be founded on the principles that 
species differentiation and the evolution of ecotypes are influenced by 
environmental selection pressures and that there is some correspond- 
ence between the centers of origin of species and genetic variability. 

That intraspecific genetic variation in certain characters, such as 
drought tolerance or resistance, disease resistance, reaction to day 
length, yield and general adaptation factors, exists in the grasses is 
well known. This variation provides the basis for improving grass crops 
through breeding. It is also known that natural selection has operated 
on populations in different climates with resulting local ecotypes strik- 
ingly different from ecotypes originating under other climates and in 
different edaphic areas. The breeder who has studied the performance 
of “introduced” populations has generally, though not always, found 
them inferior in many respects to the local populations. A further 
observation of breeders has been that introduced populations from 
areas of latitude, rainfall, temperature, etc. comparable with those of 
the test location generally are superior to other introductions. Addi- 
tional information on this subject may be obtained, since many intro- 
ductions from different parts of the world are being evaluated at sev- 
eral locations in the United States and Europe. 

Olmsted (469) has reported the results from controlled studies of 
seedling and clonal populations of Bowteloua curtipendula collected 
from 14 sites ranging from North Dakota to southern Texas and from 
Virginia to Arizona. The photoperiodic and vegetative responses of 
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strains Originating in the same latitude were rather consistent, although 
there was some intrastrain variability in reaction. It was of particular 
interest that the Texas collection showed the least intrastrain diversity 
in all respects, whereas the Oklahoma strain was most variable. A 
variable amount of apomixis in this species may have influenced these 
results, but they are in agreement with previous research suggesting 
that Oklahoma is the center of cytological and genetic diversity for 
this species and show that the habit of a strain in one environment 
is not predictable from its mode of growth in another. They further 
emphasize the caution necessary in assigning a widely ranging species 
to a particular photoperiodic class. 

Ecotypes are remarkably well differentiated within the warm-season 
grass species of the Great Plains area of the United States (264). 
Numerous geographical strains of Andropogon species, Buchloé dacty- 
loides, Sorghastrum nutans, Panicum virgatum and others have been 
isolated. There is a tendency for northern ecotypes of these species to 
be earlier, smaller and less leafy than southern ecotypes grown at a 
southern location. Northern ecotypes of Andropogon scoparius suffered 
more from hot winds and southern ones frosted earlier in the fall, 
whereas local ecotypes were intermediate in these characteristics and 
produced the most seed (141). McMillan (389) studied clones of 
Andropogon scoparius from five sites from western to eastern Nebraska 
and from one site in western Iowa. In a uniform habitat at Lincoln, 
Nebraska, clones from the westernmost site flowered two weeks before 
the earliest clones from the easternmost site. The geographically inter- 
mediate populations were intermediate in flowering responses. 

In a controlled day-length study, 10 of 18 clones flowered under 
either 14 or 16 hours of daylight; all other clones from the westernmost 
site flowered with a 14-hour or a 16-hour day. In contrast, only 4 of 
18 clones from the easternmost site flowered with a 14- or a 16-hour 
day-length, 10 flowered only at 14 hours, and 4 did not flower at 
either daylength. Populations from intermediate locations were inter- 
mediate in flowering. Some of the environmental variables progress- 
ing from western to eastern Nebraska are greater rainfall, higher hu- 
midity, longer growing season, later initiation of seasonal drought and 
longer wet season. The altitude ar the westernmost site is 5000 feet 
in contrast with about 1000 feet at the easternmost site. Perhaps alti- 
tude and associated environmental variables account for the parallel 
in behavior of populations from western to eastern Nebraska with 
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that demonstrated for A. scoparius from northern to southern latitudes 
(141). 

Additional results (276) suggest that the diploid forms of Bouteloua 
gracilis are adapted to a wider range of ecological conditions than the 
polyploid forms of this species but that the polyploid forms are ap- 
parently more abundant at higher elevations. Similarly, Poa alpina 
populations from alpine sites had higher chromosome numbers than 
populations from lower sites (414, 462). Specimens of Poa pratensis 
obtained from saline soils were smaller and had narrower leaves than 
plants from non-saline soils (456). Miss Watson (654) related 
chromosome races and ecology in the distribution of Festuca ovina. 
The diploid was restricted to dry, acid, sandy areas because it was 
less competitive than the tetraploid race. Nielsen (431), on the other 
hand, concluded that level of polyploidy in Panicum virgatum was of 
little significance in phytogeographic distribution. 

Diverse populations of Loliwm and Phleum revealed strain differ- 
ences in amount of heading under specific temperature and light con- 
ditions (138). Developmental responses to temperature and photo- 
period appeared to be the mechanism whereby the particular life cycle 
was attained. In each local environment, therefore, the genetic variants 
with optimum adaption were the survivors. Leaf numbers were studied 
in a population of Lolium rigidum for three generations. Extremely 
early-flowering selected lines had 8.17 leaves, and late ones 15.35 com- 
pared with the parental mean of 10.85. Cross-fertilized Lolium rigidum 
demonstrated a considerable resorvoir of genetic diversity and a fair 
degree of heritability for the character. 

That ecotypes may evolve within a relatively restricted geographical 
area has also been demonstrated (57, 508, 510). Results seem to in- 
dicate that local population differences may be expected to evolve under 
conditions where natural selection differential is sufficient to overcome 
gene flow among populations. There is some evidence (563) that 
genetic isolating mechanisms may in some cases evolve with morpho- 
logical and physiological discontinuities among populations of a spe- 
cies. In Elymus glaucus only 6 of 34 hybrid combinations among 20 
distinct strains had sufficient fertility to suggest possible gene exchange 
among populations (563). In cases where different chromosome races 
occupy different ecological habitats, a degree of interstrain cytogenetic 
isolation would also appear likely. 

An intensive cytogeographical survey of Dactylis by Nur and Zohary 
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(449) in Israel indicated that the diploid D. glomerata ssp. judaica 
was restricted to relatively humid Mediterranean conditions, while 
tetraploids grew both in Mediterranean and more arid semi-steppe 
habitats. They attributed the wider adaptation of tetraploid D. glomer- 
ata to the combined genetic systems of D. glomerata ssp. judaica and 
D. glomerata ssp. woronowii, the presumed parents of the tetraploid 
form in Israel. D. glomerata ssp. woronowti occupies arid habitats 
in Iran. 

Jones (323) found 35-chromosome plants of Holcus mollis to be 
more common than the 28-, 42- or 49-chromosome races. The tetra- 
ploid race was allopolyploid, the hexaploid was derived from it, but 
the pentaploid was ascribed to hybrid derivation (H. lanatus x H. 
mollis) on the basis of comparative mitotic karyotype studies. Rela- 
tionships between chromosome races and habitats were established. 

The plant breeder may take advantage of natural selection by sam- 
pling source materials from populations having evolved where the en- 
vironmental factors are most comparable with those of the area in 
which he is working. It is well to keep in mind, however, that natural 
selection in individual populations, particularly those remote from the 
center of origin of the species, may have proceeded too far. In such 
cases the introduction of genetic diversity into the breeding program 
becomes of primary importance (271, 230) in order to provide for 
new genetic combinations and maximum yields and adaptation. 


APOMIXIS 


Myers (419) discussed apomixis in the Gramineae, citing 7 species 
as viviparous and 12 as agamospermous. Three subsequent reviews 
(210, 249, 459) and a series of more recent papers (72, 74, 75, 114, 
187, 196, 203, 255, 283, 427, 566, 568, 652) have established occur- 
rence of vivipary in 12 species and agamospermy in 74. Apomictic 
species are so designated in Table II. The most significant increase in 
known apomictic species has occurred in the Panicoideae (74, 75), 
grasses of warm regions of the world. In a survey of 154 species of 
panicoid grasses, 43, or 28 percent, were aposporous. Of Old World 
species 43 percent were apomictic. Pseudogamy may be characteristic 
of all apomicts in the Paniceae and Andropogoneae (188) with minor 
differences in the time of degeneration of the sporogenous tissues. In 
aposporous grasses in other tribes the process differs (188). Three grass 
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genera known to have agamospermous species are in the Festucoideae 
(grasses of cold regions) and 21 are in the Panicoideae. It is quite 
possible, as Brown and Emery (75) suggested, because of the evi- 
dently large number of apomictic species and the uniformity of 4- 
nucleate unreduced embryo sacs, that common genes for the apomictic 
process may be widespread in the gene pools of the panicoid genera. 
They further proposed that, within the Panicoideae, 4-nucleate embryo 
sacs were unreduced and that, with few exceptions unreduced embryo 
sacs were 4-nucleate, having no antipodals and either one synergid and 
2 polar nuclei, or, more commonly, 2 synergids and one polar nucleus. 

Gildenhuys and Brix (229), however, opposed as untenable the 
assumption of Brown and Emery (72, 74) that all 4-nucleate embryo 
sacs are aposporic. Gildenhuys and Brix (229) found that the mature 
4-nucleate sac of Pennisetum dubium may be either an unreduced 
aposporic sac or a reduced haploid sac in which the antipodals de- 
generated and the polar nuclei fused at such an early stage as to make 
it indistinguishable from the aposporic sac. This appeared to be the 
first report of a grass species showing such early degeneration of the 
antipodals. 


t 


Frequent chromosomal abnormalities accompanying apomixis are 


failure of normal pairing and contraction, retardation of meiosis, and 
precocity of the meiotic divisions, (249, 254). Powers (488) con- 
cluded that the inheritance of apomixis involves genes concerned with 
(4) failure of reduction of the number of chromosomes, (4) failure 
of fertilization, and (c) development of the egg into a new individual 
without having been fertilized. Hybridization of individuals character- 
ized by one or another type of facultative apomixis may result in 
segregation of various apomictic types (223). If such plants have se- 
lective advantage they may spread the apomictic mechanism through 
a genus by further hybridization with eventual stabilization through 
apomixis (577). Conditions favorable for the appearance and spread 
of apomixis include the perennial habit, vegetative reproduction and 
obligate cross-fertilization (577). Polyploidy and apomixis may be 
associated because of the vegetative vigor and partial or complete ster- 
ility of many polyploids. Genes conditioning apomixis may manifest 
themselves in the polyploid but not in a diploid genetic background 
(450). Most of the Gramineae, with the possible exception of Penni- 
setum ramosum (427), characterized by vivipary or agamospermy are 
polyploid and perennial (579). 
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Polyembryony has sometimes been found associated with apomixis, 
and instances of polyembryony have been cited in species of Agrostis, 
Alopecurus, Dactylis, Deschanypsia, Hierochloe, Paspalum and Poa 
(28, 448). One sample of Poa angustifolia was reported as showing 
two radicles and two plumules in as many as 8% of the seedlings 
474). 

Vivipary has been observed in species of Agrostis, Avena, Bromus, 
Eleusine, Festuca, Deschampsia, Panicum, Phleum, Poa and Setaria. 
In some of these the florets may be replaced wholly or in part by 
vegetative proliferation. It has been suggested, on the basis of in- 
vestigations of Deschampsia alpina and Festuca ovina, that vivipary 
increases with higher chromosome numbers (454), and its degree is 
subject to experimental environmental modification (459). 

Recent detailed cytological studies of micro- and megasporogenesis 
and embryo development following various sporogenous abnormalities 
were made in agamospermous grasses. Several collections of Agropyron 
scabrum were sexually reproducing, while various abnormalities and 
apomixis characterized other collections (255). In the latter, simple 
mitosis replaced a meiotic prophase. Dyad formation and restitu- 
tion followed the suppressed meiosis. The embryo sac developed 
from an unreduced egg before or by the time of anthesis. The em- 
bryos of both predominant and obligate apomicts developed for as 
long as 6 days after emasculation, but pollination was requisite to 
endosperm development. These plants and also Heteropogon contortus 
(188) and some plants of Paspalum dilatatum (28) were, therefore, 
pseudogamous. Ninety-five percent of progenies of some obligate 
apomicts possessed the maternal chromosome complement; the others 
were aberrant in chromosome number and presumably products of 
“diploid parthenogenesis”. 

Apomixis may be either facultative or obligate, and facultative 
apomicts may produce hybrids with amphimictic plants. Nygren (457) 
and Clausen (127) agree in their analysis of the production of apo- 
micts from sexual biotypes and subsequently the appearance of sexual 
plants again among the progenies of apomicts. Clausen states: “In 
partly apomictic plants, the apomictic and the sexual processes run 
concurrently”. 

The suppression of meiosis and occurrence of mitosis in Calamagros- 
tis purpurea (454, 457) with increasing age of the plant led Nygren 
to postulate a decrease in “meiosis-starting substances”; then substances 
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of the vegetative phase take over the initiation of divisions in genera- 
tive tissues also, and mitosis instead of meiosis prevails in a predomi- 
nant number of flowers in the panicle (426). Mitosis in P.M.C.’s was 
also observed in Pennisetum ramosum which was characterized by 
pollen sterility and a tendency for apospory (426). 

Other aberrations in microsporogenesis have been reported for Bou- 
teloua curtipendula (269), Paspalum dilatatum (283), Paspalum se- 
cans (566) and Panicum maximum (651). In a 40-chromosome meio- 
tically regular strain of Paspalum dilatatum, Bashaw and Holt (29) 
observed the normal sexual pattern during megasporogenesis. In the 
50-chromosome common dallisgrass, however, the developing embryo 
sac degenerated and formed no reduced gametophytes. Nucellar cells . 
formed multiple embryo sacs with proembryo development noted in 
ovules collected prior to anthesis, but no endosperm development was 
observed prior to pollination. Obligate apomixis and pseudogamy were 
postulated for common dallisgrass (29) and for Heteropogon contortus 
(188). Imbalance in chromosome number between 5n (endosperm), 
2n (embryo) and 2n (maternal tissue) compared with the usual 
3n/2n/2n ratio was suggested as of possible significance in survival 
value (29). The Sn-endosperm reported for Setaria leucopila by 
Emery (187) was interpreted as indicating pseudogamous develop- 
ment. Brown and Emery (75) also found S5n-endosperm in Tripsacum 
dactyloides and some other apomictic species. In Pennisetum ciliare 
and Cenchrus setigerus, some plants displayed regular meiosis but 
others were irregular in varying degrees (1877). Multiple embryo 
sacs were observed, and normal embryo sacs appeared to be crowded 
out by those of nucellar origin. In Pennisetum ciliare, detailed studies 
also showed variation in number of embryo sacs from 1 to 8 per 
ovule, with means per strain varying from 1.5 to 4.6. Mature embryo 
sacs were of two types, the 4-nucleate (and usually reduced) occur- 
ring more frequently than the 8-nucleate (sometimes reduced) (568). 

Studies of two aneuploid varieties of Pennisetum clandestinum te- 
vealed formation of haploid as well as unreduced embryo sacs. One 
aneuploid was interpreted as being a pseudogamous facultative apomict 
(427). Detailed cytological investigations indicate that Panicum 
maximum is a facultative apomict in which both apospory and pseu- 
dogamy occur. As in Pennisetum, embryo sacs were generally 4-nu- 
cleate and 4-celled, but 8-nucleate 7-celled ones were also observed 
(652). Demonstration of non-reduction on the female side in the 
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origin of artificial hybrids obtained in Paspalum notatum (82), the 
preponderance of maternal types, and maintenance of‘ vigor with “in- 
breeding”, all supported the conclusion that apomixis is probably the 
principal method of reproduction in common Bahiagrass. 

An interesting case of increase in chromosome number in species 
hybrids of Saccharum was interpreted by Bremer (60, 61) as result- 
ing from endomitotic restoration of the somatic chromosome number 
in the innermost megaspore cell after a normal reduction in the 
first division of the embryo mother cell. Chromosome counts in the 
second division within the embryo-sacs showed that some were hap- 
loid and others diploid. 

In the Andropogoneae an extensive study of embryo sacs (72) 
revealed that apomictic type sacs usually were 4-nucleate, lacking one 
of the two polar nuclei and all antipodals. Sexual plants of Dichanthi- 
um sericeum and D. annulatum had embryo sacs with two polar nu- 
clei. Of 26 apomictic plants of D. annulatum, on the other hand, 15 
had 1 polar nucleus, 8 had 2, and 3 possessed other numbers of polar 
nuclei. In another investigation of D. annulatum (399), 12 twins and 
1 triplet were found among 1500 seeds. 

Of 60 aposporous embryo sacs of Bothriochloa venusta, 5O had 1 
polar nucleus and 10 had 2 (113). Various irregularities, including 
multiple embryo sacs per ovule, were discovered in this and other 
species of Bothriochloa. Themeda triandra strains studied by Brown 
and Emery (72) were characterized by an early degeneration of the 
megasporocyte followed by an enlargement and vacuolization of one 
or more aposporous embryo sac initials. Certain other evidence sug- 
gested the possibility that reduced sexual embryo sacs occasionally 
may develop in the strains studied. 

In the Bothriochloa and Dichanthium complexes, Mrs. Brooks (64) 
concluded that embryo sacs of apomicts, though predominantly 4- 
nucleate, also could be 5-nucleate, and that the embryo developed more 
precociously than the endosperm. She suggested possible genetic deter- 
mination of upset embryo sac and embryo development timing and 
relation of synchronization mechanisms to failure in realizing inherent 
sexual potentials. 

Mrs. Brooks (65) concluded that the Bothriochloas tend more 
strongly toward obligate apomixis than do the Dichanthiums, apom- 
ixis in the former presumably being of more ancient origin. Potential 





CYTOLOGY AND GENETICS OF FORAGE GRASSES 81 


sexuality in these materials challenges its exploitation by environmental 
controls. 

In Bothriochloa ischaemum (72) the megasporocyte was reported 
to degenerate regularly with production of varying numbers of apos- 
porous embryo sac initials. Since neither division of the egg nor endo- 
sperm development was observed until after anthesis in B. ischaemum, 
it was concluded that pollination was probably requisite for develop- 
ment of embryo and endosperm in this grass. The apomictic mechanism 
in Heteropogon contortus is similar to that in Themeda triandra and 
Bothriochloa ischaemum (70). In Poa pratensis (432) a similar study 
had revealed that embryo development preceded the first division 
of the fusion nucleus in an apomict, but in sexual individuals endo- 
sperm development was in advance of zygotic division. By 5 days after 
pollination, development in the two types was no longer distinguish- 


able. 


Apomixis is widely distributed in Poa (458). Diplospory is now 
known in the five species P. alpina, P. glauca, P. nemoralis, P. nervosa 
and P. palustris. Apospory has been found in P. arctica P. compressa and 
P. pratensis of the Old World and in the North American species P. 
_ ampla, P. arida, P. gracillima,P. scabrella and P. secunda. The facultative 


apomictic reproduction characterizing many of these grasses is ad- 
vantageous in allowing formation of new types as well as the preserva- 
tion of certain superior types once they have originated. Several strains 
of Poa nervosa were reported (247) as being diplosporous, non- 
pseudogamous and, therefore, obligate apomicts. Variations in chromo- 
some number among plants in a restricted area as well as between 
collections at various locations suggested that interspecific hybridiza- 
tion may have occurred and introduced some variability into the species. 

In Poa pratensis the proportions of apomictic and sexual types vary. 
Behavior of 45 families through four generations (561) showed that 
progenies from plants classified as aberrants had higher proportions 
of aberrant and presumably sexually derived types than did normal 
sister plants. It was concluded that apomictic seed formation in Poa 
pratensis is a relatively unpredictable character because selection to- 
ward obligate apomixis was ineffective. Clausen (127) concluded that 
apomictic fertility is much greater in natural apomicts than the effec- 
tive sexual fertility and that the apomictic fraction of the progeny is 
more vigorous than the sexual. Therefore, the apomicts are generally 
more successful in competition than the sexual types. Apomictic P. 
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arida x P. ampla hybrids have greater vigor than either parent and are 
highly fertile. Of these, 12% were apomictic, and the 88% of sexuals 
were weak and variable and generally succumbed. In a cross of P. am- 
pla x P. compressa, 80% were apomictic. One F,, P. ampla x P. com- 
pressa, was apomictic and of low seed fertility. A sexually produced 
F, aberrant, however, was highly vigorous, fertile and apomictic (626). 
The varying chromosome numbers found in progenies of facultatively 
apomictic grasses have been explained as resulting from the numerous 
possible variations in sexual and asexual seed production. Gustafsson 
(249) proposed that aneuploidy may arise in diplosporous obligate 
apomicts as a consequence of autosegregation. Stebbins (579) em- 
phasized that the usual biological species concept cannot be applied 
to agamic complexes. 

The evolutionary significance of apomixis has been discussed (127, 
129, 131, 455). One interpretation, that apomixis is an evolutionary 
dead end (165), has been discounted except for the rare completely 
stable obligate apomicts. Stability of apomictic types easily can lead 
to the thought that no evolution is possible from them. The experi- 
mental work, particularly in Poa has shown, however, that the products 


of hybridization of apomictic and amphimictic strains of various spe- . 
cies are of such variety that they present possibilities of adaptability 
in new and untried environments equally as great as those of wholly 
amphimictic forms (130). In the words of Clausen (127): “the 
facultative apomicts have exploited an extremely effective solution that 
enables them to store interspecific variability and to nevertheless re- 
main constant for ages.” 


CONCLUSIONS 


The progress in genetics and cytogenetics of the Gramineae during 
the past 14 years appears to be fairly comparable in quantity and 
quality with that made prior to this period. Chromosome numbers 
are known for more than twice as many species of grasses as were 
known 14 years ago. Nevertheless, such reports are still unavailable 
for thousands of the grass species of the world. Some 80% of the 
grasses are polyploid, and more than were previously recognized have 
one form or another of apomictic reproduction. Apospory appears 
to be widespread in the Panicoid grasses. 


Significant progress has been made in the analysis of accessory or 
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B-chromosomes. Research in this area, however, has perhaps raised 
as many questions as, or more than, it has solved. 

With few exceptions, information on the inheritance of qualitative 
characters in the past decade has been limited. This is disappointing, 
since simply inherited marker traits prove useful in many aspects of 
genetic and breeding research. 

Interspecific and intergeneric hybridization have occupied promi- 
nent places in the overall field of cytogenetics and genetics of the 
Gramineae in recent years. Phylogenetic relationships are being estab- 
lished, basic principles are being elucidated, and valuable plant ma- 
terials are in the process of development. It appears to the authors 
that future research will be stimulated and progress will be accelerated 
as a consequence of the work reviewed here. 
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TABLE II 
2N CHROMOSOME NUMBERS OF THE GRAMINEAE 
IN ADDITION TO THOSE REPORTED BY Myers (419)! 
APOMICTIC SPECIES ARE DESIGNATED* 
Achnatherum (see Stipa) 
Acroceras 
A. macrum 36 (403, 658) 


Specific names have been retained as published by the respective authors ex- 
cept in cases of obvious synonymy where Hitchcock (294) and Dr. J. R. 
Swallen were consulted. We have not attempted to verify identifications and 
do not assume responsibility for accuracy of identification. 

2A = Apospory D = Diplospory V = Vivipary 





‘ 
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Aegilops 
. bicornis (334) 
. biuncialis (334) 
. caudata (334) 
. columnaris (334) 
. comosa (A. heldreichii) (334) 
. crassa (334) 
. cylindrica (334) 
. juvenalis (A. turcomanica) (334) 
. kotschyi (A. triuncialis 
ssp. kotschyi) (334) 
. ligustica (A. speltoides (334) 
. longissima (334) 
mutica (334) 
ovata (334) 
. sharonensis (334) 
. speltoides (A. aucheri) (334) 
. Squarrosa (334) 
. triaristata (334) 
. triuncialis (334) 
. umbellulata (334) 
. uniaristata (334) 
. variabilis (A. triuncialis 

ssp. brachyathera) (334) 
. ventricosa (334) 


BRRRRARRRARAR BARBRA 


ma 


Aeluropus 


A. littoralis ssp. repens (368) 
XA groelymus hirtiflorus ( 53) 
XA groelymus turneri (438) 
XA groelymus ungavensis ( 53) 
XA grohordeum macounii ( 53) 


Agropyron 


A. acutum= (A. junceum x 
A. pungens) (101) 
. agroelymoides (303) 
. amurense (612) 
. borealis (167) 
. Caespitosum (586) 
(167T) 
. cristatiforme (530) 
. desertorum (339) 
. distichum (484) 
. donianum (167) 
. duvalii 5 (167+) 
. elmeri (278) 
. enysii (134) 
. fragile (339) 
. gmelini (167+) 

(385, 609) 

. imbricatum 34 (339) 
. inerme (A. spicatum) 28 (278) 
. intermedium (278) 


mS a 


* 
ake RBRRRQRAAR 


* 


*Chromosome number recorded differs from previous report (419). 
tSecondary citation. 
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. junceiforme 28 (372+) 
. junceum boreo-atlanticum 28 (101) 
. junceum mediterraneum 42 (101) 
. kirkii 42 (134) 
. latiglume 28 (545) 
. latronum 28 (169) 
. littorale 42 (372) 
. mayebaranum 28 (407) 
. mendocinum 56 (306) 
. michnoi a, @ (339) 
28 (278, 530) 
. pectiniforme 28 (530) 
. remotifiorum vel. 
A. patagonicum 28 (306) 
. riparium 28 (278) 
42 (612) 
A. scabrifolium 28 (143) 
A. scabriglume 42 (143) 
4. scabrum D (255); 28 (134) 
42 (135) 
41, 84 (255) 


Sete thes, be. Se ee” a a 


m me 


ms 


~ 


. scandica — (Roegneria 

scandica) ? 28 (372t) 
. scribneri 28 (612) 
. Ssericeum 28 (295) 
. smithii 21 (544) 
. Spicatum 21 (544) 
. tallonii 49 (167+) 
. tauri 28 (278) 
. tenue 56 (134) 
. triticeum 14 (388) 
. tsukushiense 42 (385) 
. turczaninovii var. 

tenuisteum 28 (471) 
. violacea as (Roegneria 

violacea) 28 (324) 
A. velutinum 14 (167+) 
A. yezoense 28 (612) 


* 
* 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


~— 


Agrostis 


1. alpina 14 (516) 
barbuligera 28 (661) 
biebersteiniana as (Zingeria 

biebersteiniana) 8 ( 38) 
*4. canina 42, 56 ( 37) 
var. arida 28 ( 37) 
var. fascicularis 14+ ff ( 37) 
ssp. montana 28 (320) 

. castellana 28 (368) 
28+0—3B ( 37) 

42 (167T) 

A. chionogeiton 8 (284, 285) 

A. eriantha 42 (663) 
. flaccida 56 (609) 


A. 
“4. 


*Chromosome number recorded differs from previous report (419). 
Secondary citation. 
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* 


. gigantea 42+0—4B ( 37) 
. hendersonii 42 (167T) 
. hiemalis (239) 
. hyperborea ( 18T) 
. juressi (221) 
. kilimandscharica (285) 
. lachnantha (661) 
. matsumurae (407) 
. mildbraedii (285) 
. nevadensis 42+ 2—10B ( 37) 
. palustris 30, 42 (407, 471, 679) 
. perennans 42 ( 35) 
. reuteri 14 ( 37) 
. rubra 28 ( 36) 
. rupestris 14, 28+B’s, 28 ( 37, 
. salmantica 14 ( 35) 
. scabra 42 (679) 
. schimperiana 42 (285) 
. schleicheri 42 ( 35) 
. schraderiana= 

(Calamagrostis tenella)? 28 ( 37) 
. sclerophylla (285) 
. semiverticillata as 

(A. verticillata) ( 67) 
. semiverticillata as (Poly- 

pogon semiverticillatus) ( 37) 
. stolonifera V (459); § ( 37) 

(200) 


* 


BA RRARRRAARARAARRRRAR 


** 


Mm ® BAR 


(326) 

. taylorii (285) 
. tenuis= (A. s ( 37) 
vulgaris) V (459); : (596) 

. trachyphylla (285) 
A. truncatula (221) 
. volkensii (285) 
A. vulgaris (479) 


*A. caryophyllea ( 41) 

A. elegans (239) 
Airopsis 

A. tenella (220, 365) 
Alloteropsis 


(661) 
A. semialata 5 (403, 663) 


Alopecurus 


A. agrestis + (479) 
*4. alpinus 105, 112,119 (679) 
A. arundinaceus 28 (372) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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<S 


. arundinaceus as 
(A. ventricosus) 28 (169) 

. aucheri 56 (1677) 
. gerardi 14 (169t) 
. heleochloides 14 (169+) 
. japonicus 28 (6077) 
. laxiflorus 28 (169+) 
. mucronatus 56 (169T) 
. occidentalis 112 (679 ) 
. pratensis 28+0—2B,42 (167T) 
. rendlei—(A. utriculatus)? 14 (167t) 
. roshevitzianus 70 (167+) 
. sericeus 14 (1697) 


» 


* 


. 
. eo or A ee ee 
~ Ss » >» bd dm bd 


Ammophila 
*4. arenaria (484) 
(557T) 
A, baltica= (Calamagrostis (169+) 
epigeios x A. arenaria) 2 (557+) 
Amphicarpum 
A. purshii 


Amphilophis (see Bothriochloa) 


A. foulkesii 20 
A. odorata 40 


Andropogon (see Bothriochloa, Dichanthium, Eremopogon ) 


A. abyssinicus 32 (236) 
A. altus (cf. A. wrightii 120 (237) 
A. amplectens 40 (403) 
A. appendiculatus 20 (663) 
1. barbinodis 80 ( 67) 
180 (234, 236) 
. brevifolius 20 (609) 
40 (565) 
. cirratus 20 ( 67, 236) 
. distachyus 36 (103, 236) 
. divergens 40 (236) 
. edwardsianus 60 (234) 
. eucomus 20 (236, 403) 
. exaristatus 60 (236) 
. filifolius 60 (661) 
. floridanus 20 (273) 
. foveolatus 40 (236) 
. gabonensis 21 (113) 
- gayanus 40 (391, 403) 
. gerardii 60 (236) 
60, 70 (276) 
84, —86 (236) 


~ 


* 


* 


mhRaRRARRRRWRARW 


* 


A. glabrescens as (Schiza- 
chyrium glabrescens) 20 (403) 
*A. hallii 100 ( 67, 236) 
*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. hirtiflorus Ca.100 
. huillensis 60 
. hybridus 120 
. jeffreysii 40 
. laniger 20 
. leucostachyus 20 
. littoralis 40 
. microstachyus 20 
. palmeri 
. paniculatus 20 
. perforatus 
. reevesii 
. saccharoides 

var. erianthoides 

*var. longipaniculata 

var. ltorreyanus 
A. schinzii 


* 


RRRR RRR Rake 


4. schirensis 


. Scoparius 

. selloanus 

4. semiberbe as (Schizachyrium 
semiberbe) 


A. sericeus 
4. springfieldii 


4. tener 
. ternarius 
. tracyi 
. wrightii 


Aneurolepidium (see Elymus) 


Anthephora 


A. hermaphrodita as (A. (398) 
elegans) 
A. pubescens A ( 75): 40 (663) 


Anthoxanthum 
A. alpinum 10 (336, 557) 
A. japonicum 70 (607) 
A. nivale 20+-2ff, 60 (284) 
A. puelii 10 ( 42T) 
Apera 
A. interrupta 14 (372t) 
A. spica-venti 14 (372t) 
Apluda 
*A. mutica 40 (106) 
A. varia 20 (274) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Arctagrostis 


A. arundinacea 
var. arundinacea 29, 30 ( 54) 
var. crassispica ( 54) 
*4. latifolia (569) 
( 54, 324) 


Aristid 
4. barbicollis (658) 
. canescens (658) 
. congesta (403) 
. curvata (663) 
. depressa (169T) 
. diffusa var. burkei (663) 
. divaricata (239) 
. gracilior (663) 

. junciformis (658, 663) 
(661) 
. leucophaea (403) 
. longiseta (661) 
. macilenta (contractinodis) (403) 
. mendocina (146) 
. meridionalis ' (403) 
. obtusa : (518) 
. pungens (518) 
. purpurea (239) 
. rhiniochloa (1677) 
. scabrivalvis (403) 
. spectabilis (662) 
. Spegazzinit (146) 
. submucronata (658) 
. subulata (146) 
. ternipes (239) 
. transvaalensis (663) 
. uniplumis (662) 
. wrightii 5 (239) 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


Arundinaria 
A. atamiana? (606) 
A. simonii (1697) 
A. tessellata (662) 


Arundinella 
A. blephariphylla 2 (618) 
A. hirta (604, 607) 
A. nepalensis 5 (661) 
A. setosa (505) 
A. villosa (618) 


Asperella (see Hystrix ) 


Astrebla 
A. lappacea 40 ( 67) . 
A. pectinacea 40 (614) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. abyssinica 28 (169t) 
. barbata 14 (497) 
28 (169T) 
. brevis 14 (1697) 
. bromoides ssp. gouanii 14 (368) 
bruhnciana 14 (1677) 
byzantina 42 (167) 
. chinensis (nuda) 42 (1677) 
clauda 14 (167t) 
decora 14 (368) 
. erianthus= (A. pilosa) 14 (167+) 
fatua 42 (372+) 
. filifolia 14 (222) 
. hirtula 14 (169+) 
. longiglumis 14 (497) 
. ludoviciana 42 (167+) 
. nudibrevis i4 (1677) 
. planiculus Ca.126 (517) 
. pratensis 42 (169) 
. pratensis 
ssp. sulcata var. albinervis 28 (368) 
ssp. sulcata var. gayiana 14 (368) 
ssp. pratensis var. 
eu- pratensis 14 (368) 
A. sativa 42 (169+) 
. sedenensis 14 (368) 
. sempervirens I ' 
ssp. eu-sempervirens 42 (3689 
ssp. setacea 14 (368) 
. sterilis 28 (381) 
42 (167+) 
A. strigosa 14, (372+) 
1. sulcata 16 (222) 
A. vaviloviana 28 (169+) 
A. ventricosa 14 (169+) 
. versicolor 14+1 to 2B (556) 
120—124 (517) 
A. wiestii 14 (167) 


oe 
a) 


SRRRRRRRRRRRRRA RR 


Axonopus 


*A. affinis 54 ( 66) 
1. compressus 40, 50, 60 (169T) 
A. furcatus 40 ( 67) 
A. iridaceus 20 (169T) 
4. suffultus 40 (663) 


Bambusa 


B. arundinacea 72 (169F) 
B. bambos 72 (1697) 
B. polymorpha 72 (1697) 
B. vulgaris 72 (167) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Beckeropsis 
B. uniseta (662) 


Bewsia 
B. biflora (663) 


Blepharidachne 


B. benthamiana (142) 
B. bigelovii ( 67) 


Boissiera 
*B. pumilio=(B. bromoides) (167F) 


Bothriochloa 


. ambigua (113) 
. caucasica (112) 
. decipiens A ( 75,114); (274) 
. erianthoides (274) 
. ewartiana A ( 75, 114); (113) 
. glabra A (144, 75); (658) 
(as Andropogon glaber) (236) 
. insculpta (658, 663) 
(as Andropogon insculptus) 60 (236) 
. intermedia A (114, 75); 40, 60 (113, 236, 467) 
(as Andropogon intermedius) 40 (236) 
. ischaemum A (114, 75); 40, 50,60 (274) 
(as Andropogon ischaemum) 40, 50 (236, 391) 
38,42, 45,47  (276t) 
. parviflora 40 (604, 609) 
. pertusa A (114, 75); 40, 60 (274, 529) 
(as Amphilophis pertusa) 40 (529) 
(as Andropogon pertusus) 40, 60 (236) 
. radicans A (114, 75); 40 (274) 
60 (113) 
. saccharoides 60, 120 (234) 
(as Andropogon saccha- 
roides) 120 (235, 236) 


Bouteloua 


B. barbata 40 (239) 
*B. breviseta 28 ( 67) 
B. chondrosioides 14 ( 67) 
20 (209) 
40 (239) 
*B. curtipendula 20 (239) 
A (269, 75); 28, 35, 87-— 

101 (270) 

52, 74, 80, 82, 
86, 96 (209) 

20, 40, 40-+f, 

42-+-f, 50, 80 
—102 (240) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. eriopoda 28 ( 67) 

. filiformis 14 ( 67) 

20—22 (567) 

. gracilis 20, 60, 84 (567) 

. heterostega 20 (567) 

. hirsuta 12 (664) 

( 68) 

(239) 

. hirsuta as (B. pectinata) (664) 

. radicosa (209) 

. rigidiseta ( 67) 

(239) 

. simplex (142) 

. trifida ( 67) 
. uniflora (209, 664) 


Brachiaria 


B. brizantha A ( 75); (429, 662+) 
(403) 
(662) 
. ciliatissima ( 68) 
comata (167+) 
decumbens (675) 
dictyoneura (403) 
distachya (167+) 
erucaeformis (169) 
humidicola (663) 
lata (429) 
marlothii (167+) 
. nigropedata (663) 
(403) 
. paspaloides (169t) 
. platyphylla (4797) 
. ramosa ; (412) 
. Serrata (661) 
(403) 
B. viridula (403) 


B 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B 
B 
B 
B 
B 


Brachyelytrum 


B. erectum ( 54, 67) 
B. japonicum (609) 


Brachypodium 


B. distachyon (398) 

(612) 

. flexum (167) 
. phoenicoides (398, 612) 

. pinnatum (612) 

. Serpentinum (167T) 


. glomerata 14 (533) 
. media 14+ 0—2 ( 50) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. minor 14 
. stricta 28 
. subaristata 28 


Bromus 


B. aleutensis 

*B. anomalus 

B. anomalus as B. scabratus 
B. auleticus 

B. brevis 

*B. cappadocicus 

*B. ciliatus 

B. coloratus 


*B. commutatus 
. danthonia 
. diandrus 
. dolichocarpus 
. erectus 
. erectus? 
. frondosus 
. haenkeanus 
. hookerianus 


. inermis 


. intermedius 
. japonicus 

. laciniatus 

. lanceolatus 
. macranthus 


*B 
*B 
B 
B 
B 


. maritimus 

. mucroglumis 
pendulinus 
pitensis 
polyanthus 

. popovei 

. pseudoarvensis 
. pseudolaevipes 
. pubescens including B. 
nottowayanus 
. pumpellianus 
. purgans 
remotiflorus 

. rigens 


* 


95 De De be bs 


* * 


Rem eh SSS BSED 


28, 42, 56 
. riparius 70 

. scabratus 28+ 8 

. Scoparius 14 

. sitchensis 56 
stamineus 42 


* 


(239) 
(533) 
(533) 


(538, 578, 593) 
(640) 

(537) 

(578, 642) 
(538) 

(537) 

(162) 

(643) 


(239) 
(182) 
(182) 
(407, 471) 
(538) 
(538t) 
(182, 538) 
(537) 
( 25) 
(578) 
(575) 


*Chromosome number recorded differs from previous report (419). 


+Secondary citation. 
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. sterilis 28 
. tectorum var. nudus 14 
. tomentellus 28 
. unioloides 28 
. valdivianus 42 
. viviparus 56 


Brylkinia 
B. schmidtti= (B. caudata) 


Calamagrostis 


). arundinacea var. , (619) 
brachytricha 56 (607) 
1. boianderi (460) 
). breweri (460) 
. cainii (460) 
, canadensis D (459, 460) ; (460) 
). canescens (302) 
(451) 
’. chalybaea (464) 
D (450, 459, (460) 
460) ; 
. crassiglumis (460) 
. densa (460) 
. epigeios (450, 451) 
5 (557) 
fauriei (609) 
fernaldu (460) 
foliosa (460) 
groenlandica (324) 
hakonensis 5 (607) 
howellii (460) 
hyperborea Ca.100 (324) 
inex pansa D (459, 460) ; 28, 56, 58, 
84—104 (460) 
koelerioides 28 +-2ff (460) 
langsdorfii D (459, 460) ; 28 (607) 
. lapponica D (450, 459) ; 42—112 (450) 
longiseta 28 (471) 
montanensis 28 (460) 
ophitidis 28 (460) 
perplexa 70 (460) 
. pickeringii 28 (679) 
poluninit 56 (324) 
porteri 84, 87 (460) 
. pseudo-phragmites 28 (471) 
. purpurascens D (450, 459) ; 28 (609) 
42—56 (460) 
58 (324) 
84 (679) 
C. purpurea D (450, 454, 56—91 (450) 
459); 
*C. rubescens 42, 56 (460) 
C. scopulorum 28 (464) 
C. sachalinensis 56 (609) 


C 

C 

Cc 

C. 
C. 
C. 
C. 
C. 
C. 
C. 
Cc. 


* 


AAAAAAAAAAAS 


*Chromosome number recorded differs from previous report (419). 
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7. tenella (see Agrostis 

schraderiana 
7. varia (450) 
C. villosa (464) 


Capillipedium 
C. hugelli (391) 
e. parviflorum A ( 75, 114); (113, 274) 
C. spicigerum (274) 


Catapodium (see Desmazeria ) 


Cenchrus 
C. ciliaris (see Pennisetum (663) 
ciliare) 5 (429) 
*C. echinatus (609) 
2. incertus , (239) 
?. longispinus (239) 
2. myosuroides ( 67) 
). pauciflorus 3 (609) 
( 66) 
2. prieuri (412) 
‘. setigerus A (203); (169T) 
(203) 


Centotheca 
C. lappacea (167+) 


Chaetium 
C. bromoides (239) 


Chaeturus 
C. fasciculatus (167t) 


Chionachne (Polytoca) 


C. koenigii 2 (1697) 
C. semiteres 2 (169*) 


Chloridion 


C. cameronii (403) 


Chloris 
C. andropogonoides 40 ( 67) 
*C. bournei 40 (1697) 
C. ciliata 40 ( 67) 
*C. distichophylla 40 (479) 
C. gayana A (74); _ —_— 
C. latisquamea ‘a. 64, Ca. 72, 

‘a. 84 (239) 
C. petraea 40 ( 67) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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’. pilosa 30 (167t) 
2. polydactyla 72 (239) 
2. pycnothrix 36 (167t) 
40 (403) 
30 (658) 
C. uliginosa 40 (169+) 
C. verticillata 80 ( 67) 
*C. virgata 20 ( 67, 403) 


Chrysopogon 


. aciculatus (169+) 
. archeri (111) 
. asper (502) 
. gryllus (167T) 
. lancearius (325) 
. latifolius (111) 
. montanus (392) 
var. tremulus (663) 
. verticillatus (502) 
. zeylanicus (1697, 502) 


AAAAAAS 


AA 


C. arundinacea (679) 
C. latifolia (177, 607) 


Cleistachne 
C. sorghoides 3 (215) 


Cleistogenes 


C. hackelii (609) 
C. serotina (167+) 


Coelachne 
C. japonica (615) 
Coelorachis 


C. cylindrica (106t) 
C. glandulosa (106T) 


Coix 


C. gigantea (106+) 
C. potlanei (106T) 


Coleanthus 
C. subtilis (368) 


Colpodium 


C. vahlianum (see Glyceria) 14 (324) 


*Chromosome number recorded differs from previous report (419). 
ySecondary citation. 
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Cornucopiae 
C. cucullatum 


Cortaderia 
C. dioica 
C. selloana 
Corynephorus 


C. canescens 
C. fasciculatus 


Cottea 
C. papppophoroides 


Craspedorhachis 


C. rhodesiana 


Crypsis 


*C. aculeata 


Ctrenium 


C. concinnum 


Cutandia 
C. divaricata 
C. maritima 
C. mem phitica 


Cymbopogon 

C. confertiflorus 60 
. excavatus 20 
‘. goeringti 20 
. jwarancusa 20 
. martini var. sofea 20 
. plurinodes 40 
. prolixus 40 
. schoenanthus 20 
. tortilis var. goeringit 20 
. validus 20 


KARA AAA AS 
SYP Oy ey ey ey eye eyed 


. bradleyi 18 
. dactylon 36 

40 
‘, diploideum 18 
. hirsutus 18 
7. magennisii 30 
2. plectostachyum 18, 

18 
). transvaalensis 20 

18 


54 


(167T) 


(479+) 
(4847) 


(372+) 
(221) 


(142) 


(403) 


(167T) 


(662) 


(368) 
(368) 
(368) 


(498) 
(658) 
(407, 4717) 
(498) 
(498) 
(658) 
(663) 
(236) 
(471) 
(658) 


(307) 
(206) 
(307, 604) 
(169+) 
(143) 
(307) 
(403) 

( 84, 529) 
(307) 
(206) 


*Chromosome number recorded differs. from previous report (419). 
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Dactylis 
*D. glomerata (266) 
subsp. ibizensis (387) 
subsp. judaica (387) 
subsp. juncinella (387) 
subsp. maritima (387) 
subsp. smithit (387) 
D. woronowii (422) 


Dactyloctenium 


*D. aegyptium (167) 


, (403) 
as (Eleusine aegyptiaca) 


Danthonia 


. alpicola 

. arundinacea 
. auriculata 

. bipartita 


. Caespitosa 
cirrata 
curva 
disticha 
elelandii 
eriantha 
flavescens 
forskalti 
frigida 

. geniculata 
induta 


laevis 

linkii 

var. fulvea 
longifolia 

macowanii 

nudiflora 

. occidentalis 

oresigena 

pallida 

penicillata 

procera 

purpurascens 
racemosa var. obtusata 
. setacea var. obtusata 
. stricta 

. tenella 


D 
D 
D 
D 
D 
D. 
D. 
D. 
D. 
D. 
D. 
D. 
D. 
D 
D. 
D. 
Dz. 
D. 
D. 
D. 
D 
D. 
D. 
D. 
D. 
D. 
D. 
D 
D 
D 


Danthoniopsis 


D. chevalieri 
D. dinteri 18 (660, 662) 
D. pruinosa 36 (662) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Dendrocalamus 


D. arundinacea 
D. brandisii 
D. giganteus 
D. longispathus 
*D. strictus 


Deschampsia 
*D. alpina V (358, 459) ; 
D. atropurpurea 
D. brevifolia 
*D. caespitosa V (358, 459); 


*flexuosa 


D. hawaiiensis 
*D. pumila 


D. rhenana V (358, 459); 


Desmazeria 


D. loliaceum= (Catapodium 
loliaceum) 

D. marinum 

D. patens=(C. patens) 

D. tenellum=(C. tenellum) 


Diarrhena 


D. fauriet 
D. japonica 


Dichanthium 


*D. annulatum A ( 75, 114); 


(as Andropogon annulatus) 
D. aristatum 


D. caricosum A ( 75,114); 
D. caucasicus 
(as Andropogon caucasicus) 
D. nodosum A ( 75,114); 
(as Andropogon nodusus) 
D. pappilosum 
D. sericeum 


Diectomis 
D. fastigiata 


26, Ca. 36 


OF FORAGE GRASSES 


(480) 
(169+) 
(169t) 
(169f) 
(480) 


(453) 
(453) 
(324) 
(453) 
(609+) 
(609) 
(679) 
(284) 
(558) 
(167+) 
(324) 


(113, 467) 
(391) 
(116, 274) 
(236) 
(658) 
(663) 
(113, 274, 467) 
(276+) 
(236) 
(467) 
(236) 
(663) 
(113, 405) 


(403) 


*Chromosome number recorded differs from previous report (419). 
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Digitaria 
D. adscendens (429) 
(605) 
(412) 
adusta (479) 
brazzae (403) 
chinensis (471) 
. ciliaris (293) 
decumbens (549) 
diagonalis (663) 
didactyla (169T) 
ertantha (403) 
(429) 
(658) 
filiformis ( 66) 
gazensis (403) 
grifithi (503) 
. horizontalis (1677) 
ischaemum ( 66, 293, 471) 
. littoralis (663) 
. longiflora (662, 663) 
(167T) 
. macroglossa (662) 
. marginata (505) 
var. fimbriata (503) 
. milanjiama (403) 
. monodactylon (662) 
. pentzii 5 (403) 
. praecox (293) 
. Sanguinalis (167T) 
( 66) 
. Seriata (663) 
. smutsii (505) 
(662) 
. swazilandensis (403) 
. ternata (661) 
. timorensis (169+) 
. tricholaenoides (663) 
(662) 
. valida (658) 
var. glauca (663) 
. violascens (606) 


SHSSSSSoo 


SS SSSSSod 


Dinebra 


D. arabica 


Diplachne 
D. dubia (see Leptochloa) 


Disticha (see Distichlis) 


*Chromosome number recorded differs from previous report (419). 
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Distichlis 
D. spicata as (Disticha spicata) 
D. stricta as (Disticha stricta) 
D. texana 


Dupontia 
*D. fisheri 
D. fisheri subsp. fisheri 


Eccoilopus (see Spodiopogon ) 


Echinochloa 


*E. colonum ( 67) 
(346) 
(658) 
(671) 
. crusgalli 

var. caudata (672) 
var. crusgalli (239) 
var. kasaharae ) (672) 
var. macera (239) 
var. microstachya (239) 
var. oryzicola (672) 
var. praticola j (672) 
. crus-pavonis (479T) 
. frumentacea (424) 
’. frumentacea as (E. (671T) 

frumentosa) 
. oryzicola (424) 
. praticola 5 (424) 
. pyramidalis 5 (167t) 
(4797) 
. Stagnina (346) 


Ehrharta 


*E. calycina (615) 
(374) 
*E. erecta (167+) 


Eleusine 


E. coracana V (459); 
E. aegyptiaca 
(see Dactyloctenium) 
. indica (658) 
. tocussa (169) 
2. verticillata (118) 


. agropyroides (306) 
. akmolinensis (169) 
. angustus (169T) 
( 51) 
*Chromosome number recorded differs from previous report (419). 
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. angustus as (Aneurolepidium 
angustum) (569) 
. asper (306) 
. canadensis—(E. wiegandii) (169+) 
. cimereus 5 ( 66) 
(233) 
(278) 
. condensatus ( 66) 
. dahuricus ( 66) 
. dasystachys as (Aneurolepi- 
dium dasystachys) ( 51, 569) 
. ertanthus (167F) 
. giganteus ( 66) 
. innovatus subsp. innovatus ( 53) 
. innovatus subsp. velutinus ( 53) 
. interruptus ( 67) 
junceus ( 66, 278) 
macounit (243) 
mollis as (E. villosissimus) (569) 
patagonicus (303) 
pendulosus (296) 
racemosus ( 51) 
riparius ( 66) 
. Sabulosus ( 66) 
. sibiricus (385, 609) 
. Xwvancouverensis 
n.m. californicus ( 51) 
n.m. crescentianus ( 51) 
n.m. Vancouverensis ( 51) 
E. wiegandii ( 53, 124) 


* 


Be Bm By Bas By oy BB OD PO 


Elyonurus 


E. argenteus (107, 113) 
E. barbiculmis ( 68) 
E. hirsutus (325) 
E. tripsacoides ( 68) 


Elytrophorus 
E. spicatus (634) 


Enneapogon 


. brachystachys (663) 
. cenchroides (663) 
. desvauxii as (E. wrightii) 
= (Pappophorum wrightii) (142, 479) 
. elgans (169T) 
. pretoriensis (663) 
. Scoparius (658, 663) 


Enteropogon 
E. monostachyos 20 (505) 


“Chromosome number recorded differs from previous report (419). 
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Eragrostis 


. atherstonei (403) 
. atrovirens as (E. chariis) (484, 662) 
. barbinodis (484, 661) 
. barrelieri (403) 
beyrichi ( 67) 
bifaria (1697) 
. biflora (403) 
brownei (1677) 
. bulbillifera (609) 
. capensis (661) 
. capensis (brizoides) (403) 
capillaris i (239) 
. chapelieri (403) 
. chariis as (E. gangetica) (169° 
. chloromelas D? ( 75); 3 (484) 
. cilianensis as (E. (471) 
megastachya) 
. ciliaris (662) 
(403) 
. curtipedicellata ( 68) 
. curvula (484) 
D? ( 75); 5 (658) 
. denudata (663) 
(403) 
. echinochloidea (662) 
(403) 
. ferruginea (598, 607) 
. galpinii (484) 
. grandis (558) 
. gummifiua (658) 
. habrantha (403) 
. heteromera OD? 75); (661) 
. hirsuta (239) 
japonica (167+) 
. lappula (658, 663) 
. lehmanniana (484) 
. lugens including (E. (239) 
intermedia) 
. margaritacea (403) 
. micrantha (661) 
(484) 
. multicaulis (471) 
namaquensis (403) 
. obtusa (662) 
(403) 
pallens (403) 
patens (403) 
pectinacea including (239) 
(E. diffusa) 
. pilosa (471) 
. plana (484) 
. poaeoides (606) 
. pseudosclerantha 5 (662) 


* 


E 
E 
E 
E 
£. 
E. 
E 
E. 
E 
E 
E 
E. 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E. 
E 
E 
E 
E 
E 
E 
&. 
E 
E. 
E, 
E. 
E 
E 
E 
E 


+Secondary citation. 
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. racemosa as (E. chalcantha) 60 (661) 
(484) 
. rigidor (662) 
. robusta (484) 
. sclerantha (403) 
. Secundifiora ( 67) 
. Spicata ( 67) 
. sporoboloides (484) 
stapfii (662) 
superba (403, 658) 
tef (E. abyssinica) (403) 
tremula (412) 
. truncata (403) 
. uniglumis (484, 661) 
. viscosa (403) 
. wilmaniae (403) 
. wilmsii (658) 


mii 


Eremochloa 
E. ophiuroides ( 67) 


Eremopoa 
E. persica ( 54) 


Eremopogon 


E. foveolatus— (Andropogon 
foveolatus) ? (274, 529) 


Eremopyron 


2. buonapartis (532) 
2. distans (532) 
. hirsutum (532) 
. orientale (532) 
:. triticeum (532) 


Erianthus 


. alopecuroides (104) 

. angustifolius (236) 

. arundinaceus (4947) 
(104T, 360) 

. bengalense (4947) 
(494) 

. ciliare (1047) 

. formosanus (167) 

. glomeratus 

. hostii 

. munja 


. pollinioides 
. Sstrictus 


hh oii of om 


*Chromosome number recorded differs from previous report (419). 
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Eriochloa 


. borumensis A ( 75); — 

. contracta ( 67) 

. montevidensis (4791) 

. nubica (429, 662) 
:. procera (503) 

. pseudo-campanulata (429) 

2. sericea A ( 75); ( 68) 


Eulalia 


E. geniculata (104, 662) 


Festuca (see Hesperochloa ) 


F. abyssinica (285) 
F. altaica (167T) 
F. altissima (368) 
(372) 
. ambigua= (Vulpia 
ambigua) (298) 

. amethystina var. ; 

eu-amethystina (368) 
. arenaria (372T) 
. arizonica ( 68) 
. arundinacea (423) 
. auriculata (569) 
baffinense (298) 
beckeri ( 59+) 
borderi (368) 
. brachyphylla ( 54) 

(324) 
brevifolia (569) 
bromoides (479) 
bromoides as (Vulpia 
bromoides) (285, 372T) 
ciliata (611) 
coelestis (1677) 
costata (661) 
cryophila (372+) 
duriuscula (1677) 
elatior=(F. pratensis) 14+ 0—19B ( 45) 
eryophila 42 (569) 
extremiorientalis 28 (471) 
fallax 42 (169+) 
glauca 14, ( 59) 
. heterophylla 28 ( 59) 
42 (167t) 

hyperborea 28 (298) 
. japonica 28 (609) 
. kirilovii 42 (167+) 
kryloviana . 70 (167t) 
. longifolia 42 (169+) 
. maritima 70 (1677) 


F 
F 
F 
F 
F. 
F. 
F. 


Ite: MUN RNNRVNNN BAS SM 


* 


* 
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F. membranacea= (Vulpia 14 (368) 
membranacea) 42 (167+) 
. obtusa 42 ( 54) 
F. octoflora 14 (239) 
. ovina V (459); 35 (486) 
. paniculata 
ssp. durandoi 28 (367) 
ssp. Spadicea var. genuina (368) 
var. genuina subvar. aurea (367) 
subvar. consobrina (367) 
. parvigluma (407, 604) 
. pilgeri (285) 
. polesica ( 59, 371) 
. prolifera 5 ( 54) 
. pseudovina ( 59) 
(200) 
pumila (368) 
. pyramidata= (Vulpia 
pyramidata) (368) 
rigida (169+) 
. rubicaprina ( 59) 
rubra V (459); ( 59+) 
(326) 
ssp. heterophylla (368) 
. saximontana ( 54) 
scabra (663) 
. scabrella ( 54) 
. sulcata (200) 
( 59+) 
supina (569) 
. tatrae ( 59) 
. trachyphylla (3727) 
( 59+) 
. uniglumis (169t) 
. valesiaca (200) 
. vivipara (372+) 


Se Ss hh 


F 
F. 
F 
F 
F. 
F 
F 
F 
F 
F 


Fingerhuthia 
F. africana D ( 75); (661) 
F. sesleriaeformis (661) 
Garnotia ; 
G. scoparia (505) 


Gaudinia 
G. fragilis (221) 
Glyceria 
*G. acutiflora 20 (604, 607) 
G. alnasteretum 20 (604, 607) 
G. declinata 20 (122, 204) 
G. depauperata 20 (609) 


*Chromosome number recorded differs from previous report (419). 
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7. erecta= (Torreyochloa 

californica) (122) 
. hulteniana (167) 
. ischyoneura (604, 607) 
. lithuanica (604, 607) 
. natans= (Torreyochloa 


natans ) (122, 609) 
. nubigena (122) 
. otisitt= (Torreyochloa otisii) (122) 
G. pedicellatta=(G. fluitans 
x G. plicata) (302) 
G. pulchella ( 54) 
*G. striata (204+) 
G. viridis (3X)= 
(Torreyochloa viridis) (604, 607) 
Gouinia 


G. latifolia (169T} 


Hackelochloa 
H. granularis ? (106) 


Hakonechloa 


H. macra (604, 609) 


Harpechloa 
H. falx (661) 


Haynaldia 


H. hordeaceae (531) 
H. villosa (167t) 


Helictotrichon 


H. hideoi 
H. pubescens 
H. turgidulum 


Hemarthria 


H. altissima (658) 
H. japonica= (Rottboellia 

japonica) (471) 
H. sibirica= (Rottboellia 

japonica) (106) 


Hesperochloa 
H. kingit= (Festuca kingii) 56 ( 55) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Heteropogon 


H. contortus A ( 75); 


H. melanocarpus 


Hierochloe 
H. orthantha 


Hilaria 


H. belangeri 


. mutica 


. swalleni 


Holcus 


H. gayanus 
*H. lanatus 
*H. mollis 


XHordelymus 


H. europaeus 


XHordeopyron 


H. rouxi= (Hordeum secalium 


x A. repens) 


Hordeum 

. agriocrithon 

. arizonicum 

. brachyantherum 
. brevisubulatum 
bulbosum 

. californicum 

. canadense 

. comosum 

. cornutum 

. deficiens 


rrr TTs 
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(664) 


( 70) 
( 71) 
( 67,71) 
(239) 
(239) 
90, Ca. 120 ( 70) 
90 (664) 


38, 202, 366) 


14 (562T) 
42 
28 
14 
14 
14 
28 
14 
14 
14 (562T) 
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. depressum 

. distichon 

. distichum 

. erectum 

. euclaston 

. halophilum 
. hexaploidum 
. hexastichon 
. hystrix 

. intermedium 
. irregulare 

. jubatum 

. lechleri 

. leporinum 

. marinum 

. muticum 

. nigrum 

. nudriramulosum 
. nudum 

. nutans 

. parodii 

. pavisi 

. pubiflorum 
. pusillum 

. secalinum 

. stebbinsii 

. tetraploidum 
. tetrastichum 
. thyrosoideum 
. trifurcatum 
. zeocriton 


Hydrochloa 
H. 


caroliniensis 


Hyparrhenia 


H. 
H. 
H. 


sp. cf. arrenbasis 
aucta 
cymbaria 


. dissoluta 

. edulis 

. filipendula var. pilosa 
. formosa 

. gazensis 


. hirta 


A ( 75); 


. newtonit 


H. 


rufa A ( 75); 


OF FORAGE GRASSES 


28 
14 
14 
14 
14 
14 
42 
14, 28 
14, 28 
14 
14 
42 
42 
14 
28 
14 
14 
14 
14 
14 
42 
14 
14 
28 
14 
14 
28 
14 
14 
14 
14 


(562t) 
(145) 
(562t) 
(562+) 
(562t) 
(145) 
(144) 
(562T) 
(562T) 
(562T) 
(145) 
(409) 
(144) 
(562+) 
(1677) 
(145) 
(562t) 
(562t) 
( 562t) 
(562T) 
(144) 
(562T) 
(144) 
(169) 
(562+) 
(562t) 
(145) 
(562t) 
(562T) 
(562T) 
(562t) 


(236) 
(355) 
(662) 
(274) 
(403) 
( 69) 
(663) 
(274) 
(661) 
(565) 
(355) 
(484+, 658) 
(236) 
(403) 
(274) 
(391, 565) 


*Chromosome number recorded differs from previous report (419). 
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Hypogynium 
H. spathifolius (105) 


Hystrix 


H. longe-aristata as (Asperella 
longe-aristata) (611) 


Imperata 
I. cylindrica as (I. arundinacea) (104+) 


Indocalamus 
I. wightianus (169+) 


Isachne 
I. globosa (604, 607) 


Ischaemum 


I. anthephoroides (609t) 
(609) 
. arcuatum (658) 
(662) 
(663) 
. aristatum (325) 
. brachyanthium (113) 
. ciliare (106) 
. crassipes (407) 
(106, 113) 
. diplopogon (106) 
. glaucostachyum (236) 
. guianense (106T) 
. petiolare (502) 
. rugosum (113) 
*I. timorense (106) 


I 
I 
I 
I 
I 
I 
I 
I 
I 


Iseilema 


I. laxum (117) 
(325) 
(505) 
I. wightii (325) 


Keniochloa (see Agrostis) 


K. chionogeiton (285) 
K. hedbergii (393) 


Koeleria 


*K. cristata 14+ 0— 2B (604, 609) 

*K. glauca 28 (372t) 

K. gracilis 28, 30 (169+) 
var. convoluta 14 (285) 

K. pubescens 14 (518) 

K. pyramidata 84 (372+) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Lasiacis 
L. divaricata (169T) 


Lasiurus 
L. hirsutus (106) 


Leersia 
L. lenticularis ( 67) 
L. monandra ( 67) 
*L. oryzoides (289) 
L. virginica ( 66) 
Leptaspis 
L. cochleata (617) 


Leptochloa 


.. chinensis (167+) 
.. dubia ( 67) 
.. dubia as (Diplachne dubia) (143) 
.. filiformis ( 67) 
.. obtusiflora (169T) 
. uninervia (239) 


. virgata ( 68) 
Leptocoryphium 
L. lanatum (169T) 


Leptoloma 
L. cognatum 


Lepturus (see Monerma ) 


L. radicans 
L. repens 


Limnodea 
L. arkansana 


Lintonia 
L. nutans (662) 


Lophatherum 
L. sinense (611) 


Loudetia 


L. flavida 24 (167t) 
L. pedicellata 24 (662) 
L. simplex 24 (661) 
L. simplex as (Trichopteryx 

sim plex) 60 (403) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Lycurus 
L. phleoides ( 68) 
(167+) 
Megastachya 
M. mucronata (662) 
Melica 


amethystina (1697) 
andina (142) 
bulbosa (167) 
ciliata (169t) 
magnolii (221, 369) 
minuta (169t) 
mutica (239) 
onoet (604, 607) 
. penicillaris (169t) 
picta (169+) 


SSESESSS55 


Melinis 
M. macrochaeta (403) 


Microchloa 


M. caffra (663) 
M. kunthii (403) 


Microstegium 
M. ciliatum (104) 
M. japonicum (604, 607) 
M. nudum (104) 
M. vimineum (1047) 


Milium 
M. scabrum (628) 


Miscanthidium 


M. junceum (663) 
M. teretifolium (662) 
M. violaceum (104F) 


Miscanthus 


. floridulus (104+) 
(104) 
. formosanus (167T) 
. hackeli var. breviberberis ( 5t) 
. intermedius 5 ( 3) 
. japonicus (  5t, 360) 
. ogiformis=(M. sinensis x 
M. sacchariflorus) 

M. oligostachyus 

M. pycnocephalus 

M. sacchariflorus 


) 
60, 64, 76 St) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. sinensis 28 (407) 

38 ( 5+, 360) 
var. condensatus 38, 57 ( 5t) 
var. gracillimus 38 ( 5t) 
var. variegatus 38 ( 5+) 
var. zebrinus 38 ( 5t) 

M. tinctorius 38 ( 4) 

38, 76—78, ( 5t) 

103—109 

M. transmorrosinensis 38 (360) 


Molineria as (Periballia) 


M. involucrata (365) 
M. laevis (365) 
M. minuta (365) 


Molinia 

*M. caerulea (167+) 
Moliniopsis 

M. japonica (604, 607) 


Monerma 


M. cylindrica (615) 
as (Lepturus cylindricus) § (616T) 


Monocymbium 
M. ceresiiforme (403, 662) 


Mosdenia 
M. phleoides (615) 


Muhlenbergia 


M. brachyphylla ( 67) 
M. emersleyi ( 67) 
M. hakonensis (609) 
M. hugelii (471) 
M. japonica (471) 
M. lindheimeri ( 67) 
* M. longistolon (606) 
. monticola ( 68) 
. polycaulis ( 68) 
. porteri ( 68) 
repens ( 68) 
. reverchoni ( 68) 
. richardsonis (169F) 
rigida (239) 
. schreberi (239) 
. uniflora ‘a. (679) 


SSSE555555 


= 
c 
=] 
» 
x 5 


. mendocina (479) 
16 (143) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Nardus 
*N. stricta (679) 
(679) 
Nasella as (Urachne) 
N. trichotoma (1677) 


Ochlandra 


O. scriptoria (169) 
O. travancorica (169T) 


Oplismenopsis 
O. najada (169+) 


Oplismenus 


O. hurtellus (661) 
O. setarius ; ( 66) 


Oreochloa 
O. disticha 14 ( 34) 


Oropetium 

O. capense 20 (662) 
Oryza 
. australiensis 24 (529) 
. barthii 36 (167+) 
. brachyantha 24 (354) 
. breviligulata 24 (354) 
. coarctata 48 (169T) 
. cubensis 24 (401) 
. eichingeri 48 (169) 
. formosana 24 (268, 401) 
. granulata 24 (354) 
. malampuzhaensis 48 (342) 
. paraguay 48 (404) 
. perennis 24 (1677) 
periere 24 (404) 
sativa 12 (401) 
. staph 24 (529) 
. subulata 24 (534) 
O. sylvestris 48 (169) 


O 
*O 
O 
O 
O 
O 
0 
O 
O 
O 


osseso 


Oryzopsis 

O. asperifolia 46 (316) 

48 (679) 
O. holciformis 24 (316) 
O. kingti 22 (316) 
O. micrantha 22 (316) 
O. paradoxa 24 (368) 
O. pungens 22 (316) 

24 (679) 
O. racemosa 46 (316) 

48 (679) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Oxytenanthera 
O. abyssinica Ca. 60 (634) 
Panicum 

P. aciculare 18 ( 66) 
P. agrostoides 18 ( 66) 
P. albomarginatum 18 ( 66) 
P. amarum 36 ( 66) 
P. augustifolium 18 ( 66) 
P. annulum 18 ( 66) 
P. ashei 18 ( 66) 
P. barbulatum 18 ( 66) 
5 P. bennettense 18 ( 66) 
P. bergii 36 (169T) 
P. bicknellii 18 ( 66) 

P. bisulcatum 54 (604, 607) 
P. boscii 18 ( 66) 
var. boscii 36 (239) 
var. molle 36 ( 66) 
*P. bulbosum 54, 72 ( 68) 
P. caerulescens 18 ( 66) 
P. chamaelonche 18 ( 66) 
P. ciliatum 18 ( 66) 
*P. clandestinum 36 ( 66) 
P. coloratum 18, 32, 36 (325) 
36+B’s (325T) 
aoe (4847) 
var. makarikariense 44 (662) 
P. condensum 18 ( 66) 
P. consanguineum 18 ( 66) 
P. cymbiforme 18 (429) 
P. depauperatum 18 ( 66) 
P. deustum A € 759% 36 (658) 
P. dichotomiflorum 36 ( 66) 
54 (239) 
P. dichotomum 18 ( 66) 
P. ecklonii 54 (661) 
1 P. elephantipes 30 (143) 
P. ensifolium 18 ( 66) 
*P. fasciculatum 18 (239) 
P. filipes 18 ( 68) 
36 (239) 

° P. flexile 18 ( 66, 195) 
P. fultum 54 (169) 
P. forbesii 18 (558) 
P. geminatum 36 (239) 
40 ( 68) 
P. glabrescens 30 (662) 
P. gouinit 36 (169T) 
P. hallii 18 (239) 
P. hauchucae 18 ( 66) 
P. hemitomon 36 ( 66) 
P. hians 18 ( 66) 
20 ( 68) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. hillebrandianum (558) 
. hillmani (195) 
. hirticaule (195) 
imbricatum (558) 
. isachnioides (558) 
joorit (239) 
laevifolium (429) 
lancearium ( 66) 
lanuginosum ( 66) 
laxiflorum (239) 
laxum (653) 
. lithophilum (195) 
longifolium ( 66) 
. longiligulatum ( 66) 
. mattamuskeetense ( 66) 
maximum A ( 75,652); (403) 
(658) 
(650) 
36 (484, 502) 
. meyerianum 18, 36 (662) 
. microcar pon 18 ( 66) 
. miliaceum 49+ (195) 
. milioides 20 (169) 
mundum 18 ( 66) 
mutabile 18 ( 66) 
natalensis 18 (661) 
obtusum 36 ( 66) 
20, 40 ( 68) 
. oligosanthes 18 ( 66) 
. oreoboloides 18 (558) 
. pedicillatum 18 (239) 
philadel phicum 18 ( 66, 195) 
pilcomayense 36 (1697) 
plenum 54 ( 68) 
polyanthes 18 ( 66) 
portoricense 18 ( 66) 
prionitis 20 (1697) 
pseudo pubescens 18 ( 66) 
psilopodium 54 (505) 
racemosum 36 (169T) 
. ravenellii 18 ( 66) 
repens 36 (663) 
45 (611) 
reptans 14 ( 67) 
reverchoni 36, 72 (239) 
. rhizomatum 18 ( 66) 
. sabulorum 36 (169+) 
. scabriusculum 18 ( 66) 
. Scoparium 18 ( 66) 
Spretum 18 ( 66) 
stipitatum 18 ( 66) 
stramineum 36 (195) 
strigosum 18 ( 66) 
. subjunceum 36 (169F) 
. tennesseense 18 ( 66) 


hhh h hhh hhh hhh 


Xx 
P 
P 
P 
F. 
P. 
P. 
r. 
P 
P 
P. 
P. 
P. 


Sh 


*Chromosome number recorded differs from previous report (419). 
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. tricholaenoides 36 (169t) 
. trifolium i8 ( 66) 
. turgidum 18 (411) 
. urvilleanum 36 (1697) 
verucosum 36 ( 66) 
. verticillatum 20 (169) 
. villosissimum 18 ( 66) 
virgatum A ( 75); 21, ( 66) 
2 


. wrightianum 18 ( 66) 
. xalapense 18 ( 66) 
. xanthophysum 36 (679) 
. yadkinense 18 ( 66) 


Swe WR yy yyy 


Pappophorum (see Enneapogon) 


P. bicolor 40, ( 67) 
100 (239) 
P. mucronulatum 60 ( 67) 


Parapholis 


P. incurva Ca. 32, (167) 

42 (239) 
P. filiformis 14, (372) 
P. strigosa 14 (616) 


Paspalidium 
P. geminatum (503) 
P. favidum (503) 
P. obtusifolia (662) 


Paspalum 


. alcalinum (169) 
. arechavaletae (534) 
. commersonii—(scorbiculatum 
var. commersonit) (403, 663) 
. conjugatum (169F) 
dilatatum A ( 28, 75, 

283, 559); 


ty UD 


* 


TT WU 


dissectum 

distichum 

elongatum 

floridanum 
guaranaticum 
hartwegianum A ( 75); 
humboldtianum 

laeve 

langei 

. larranagai (see P. urvillei) 
laxum 

. lividum 


. longifolium 
. macrophyllum 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. malacophyllum A ( 75); — — 

. milligrana 41 (565) 

minus 40 (239) 

. nicorae 40 (534) 

notatum A ( 82); 20 ( 80, 534) 

orbiculare 54 (429) 

60 (611) 

pauciciliatum 40 (169t) 

plicatulum 20 ( 67) 
praecox 20 ( 66) 

. pubescens 60 ( 66) 

. pubiflorum 60 ( 68) 

racemosum= 

(P. stolonifera) ? 20+ 1—3B (167) 

rufum 20 (534) 

secans A (566) ; 40 (565) 

setaceum 40 66 

. thunbergii 20 (407, 471) 

40 (471T) 

. urvillei as (P. larranagai) 40 (534) 

. vaginatum 20 ( 66) 

*P. virgatum 40 (565) 


Sve 


om * 
WTS Wy 


* 


RIB OT 


Pennisetum 


P. alopecuroides 18 (471) 
P. alopecuros 18 (300, 346) 
P. ciliare A (203, 568) ; 34 (484+) 
32, 36, 40, (203) 
54 
36, 54 (506) 
clandestinum A (427); _ — 
dubium A (229); 14—84 (229) 
. frutescens 63 (169T) 
. hohenackeri 18 (300, 346) 
latifolium 36 (169t) 
macrourum 45 (4847) 
massaicum 32 (598) 
. nervosum 36 (1697) 
. orientele A (427); 35 (546) 
var. triforum 45 (546T) 
. pedicellatum 48 (325) 
36, 54 (429) 
. polystachyon 54 (300, 346) 
. pseudotriticoides 18 (635) 
. purpureoty phoides=P. 42 (345) 
(typhoides x P. purpureum) 
. purpureum A ( 75); 27 (479T) 
56 (344) 
P. ramosum A? (427); 10 (426, 598) 
*P. ruppellii 26—28, 36 (300) 
P. setaceum A (427); 27=-3X (167T) 
P. 
P. 
P. 


SN 


* 
a) 


Spicatum 14 (550) 
squamulatum 54 (502) 
subangustatum 36 (354) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. subangustum 24, 32 (325) 
36 (325+) 
. thunbergii 18 (662) 
. typhoides 14 (347, 546) 
14+ 1—3B’s (477) 
. villosum A (427); 18, 27, 36, (479t) 
54 


Pentaschistis 


. aristidoides 
P. borussica 
P. mannii 
P. minor 
P. thunbergii 


Periballia (see Molineria) 


Perotis 


P. patens (663) 
(403, 662) 


Phacelurus 


P. latifolius (609) 


Phaenosperma 


P. globosum (606, 609) 


Phalaris 


P. aquatica 14 

*P. arundinacea 28—42, 56 
P. caroliniana 14 

*P. minor 28+ 1 

P. nodosa 28 

P. platensis 14 

P. truncata 12 


Phleum 


P. arenarium 14 (167+) 
P. commutatum 28 (443) 

14, 28 (364) 
P. echinatum 10 (180) 
P. nodosum 14 (443) 

14+ 0— 4 ( 50) 
*P. phleoides 28+ 0—2B ( 40) 
*P. pratense 56, 70 (179) 


Pholiurus (see Lepturus ) 


P. incurvatus 36 (479) 
P. pannonicus 14 (616) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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Phragmites 
P. japonica (604, 607) 
P. karka (505) 
(611) 


Phyllorachis 
P. sagittata (610) 


Phyllostachys 


P. marliacea (167t) 
P. striata (167t) 


Piptochaetium 


. bicolor (146) 
. fimbriatum ( 68) 
. lasianthum (479t) 
. montevidense (4797) 
. napostaense (146) 
. stipoides (479+) 
. uruguense (479T) 


Plagiochloa 
P. uniolae (662) 


Pleioblastus 


. angustifolius (606) 
. communis (167) 
. higoensis (167) 
. matsunoi (606) 
. yoshidake? (606) 


Pleuropogon 


P. sabinei (298) 
( 54) 


Poa 


. abbreviata (324) 
(569) 
. acroleuca (407, 604, 607) 
. alpigena (569) 
. alpina (417) 
V (459); 
D (455, 458) ; (146) 
ra (372+) 
var. seminifera (557) 
var. vivipara 22, 23, 28, (554) 
35 
*P. altaica 28, 42 (167T) 
*P. ampla A (456); Ca.100 (278) 
*P. arachnifera V (459); 54— 56, 
Ca. 63 (278) 
84 (239) 


*Chromosome number recorded differs from previous report (419). 
+Secondary citation. 
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. arctica (455) ; 
(455); 72 (569) 
39— 92 (456) 
. arida (456) ; 63—103 (278) 
. autumnalis 28 (239) 
. badensis 14 (417) 
. bonariensis 56 (534) 
. bulbosa y (459); 39 (557) 
14, 42, 45 (557+) 
42-+ff (278) 
56 (463) 
. caesia 42 (167T) 
. caespitosa ‘a. 56, Ca. 90 
—100 (626) 
canbyi 72—106 (278) 
compressa d 50 (278) 
concinna 14 (463) 
confinis 42 (278) 
cusickii 42 (278) 
depauperata ee 
elongata d — 
epilis ; (278) 
fernaldiana (462) 
fibrata (278) 
flexuosa (557) 
glauca ( 18+) 
glaucifolia (278) 
gracillima J 58) ; (278) 
granitica (554, 557) 
hartzii (298) 
hayachinensis (609) 
herjedalica y (459); (372t) 
infirma (630T) 
interior (278) 
irrigata (167+) 
jemtlandica V (455); (372t) 
. juncifolia (278) 
komarovii var. shinanoana Ca. 
. lanuginosa 
laxa (462, 557) 
(462) 
(372t) 


TVS Sy yyy 


* 


. 


F. 
P. 
P. 
P. 
F. 
F. 
P. 
P. 
F. 
P, 
P 
i 
r 
FP. 


$1 
. leptoclada 42 (285) 
. longifolia (278) 
. matsumurae (604) 
70 (609) 
. minor (462) 
. nemoralis D (458); (611) 
47— 49, (167T) 
. 70 
. nervosa D (458); 62— 70 (278) 
61— 90 (247) 
. nevadensis 62— 70 (278) 
*Chromosome number recorded differs from previous report (419). 
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a) 


. nipponica 42 (607) 
28, 56 (167T) 

28 (407, 604) 

. nobilis 61— 82 (555, 557) 

. palustris D (458); ae — 

. pilcomayensis 28 (534) 
. pratensis A (459); 22—147 (245) 
var. eu-pratensis 50—124 (167+) 
var. vivipara V (459); 42+ 4B (167+) 
remota 14 (372t) 
ruwenzoriensis 42 (285) 
scabrella A (458); 44+ f—104 (278) 
schimperiana 42 (285) 
secunda A (458); (278) 
. Sphondylodes (278) 
stricta V (456); (447) 
. stuckertii (534) 
subcoerulea (. 18+) 
(302) 
. subfastigiata (302) 
. tibetica (169) 
. timoleontis (463) 
. trivialis ( 50) 
(121) 
(609) 


naa Be) 


* 
VDE 


* 
Ty OF 


* 


Pogonarthria 
P. squarrosa (403) 
(658) 
Pogonatherum 
P. crinitum (611) 
P. paniceum (104T) 
Polypogon (see Agrostis) 


. aequale (169T) 
. fugax=(P. littoralis) ? ( 37, 471) 
. heterophyllum (169) 
. maritimus (221) 
. semi-verticillatus (see 
Agrostis verticillata) 
Polytoca (see Chionachne ) 


- P. barbata 20 (169) 
Potamophila 
P. prehensilis 24 (167T) 
Pseudobromus 
P. africanus 28 (167T) 


Pseudopogonatherum 
P. quadrinerve 40 (611) 


*Chromosome number recorded differs from previous report (419). 
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Pseudosorghum 
P. fasciculare (502) 


Psilurus 


P. nardoides (167T) 
Puccineliia 
. andersonii (298) 
. angustata (122) 
coarctata ( 18T) 
. deschampsioides (167+) 
. groenlandica (324) 
langeana (324) 
laurentiana (122) 
limosa (201) 
lucida (122) 
maritima (324) 
. parishii (122) 
paupercula (122) 
phryganodes (372+) 
(324) 
. retroflexa (3727) 
. rosenkrantzii (324) 
. simplex (122) 
. Vaginata (324) 


7 


* 


See WWW VV TTT 


Raphis 


R. acicularis (111) 


Rhynchelytrum 


R. minutiflorum (403) 
R. nyassanum (403) 
R. repens (403, 663) 
R. roseum (403) 
R. setifolium (403, 663) 


Roegneria (see Agropyron) 


Rottboellia (see Hemarthria) 


R. exaltata (403) 
(354) 
R. japonica (407) 


Saccharum 


S. arundinaceum 40, 60 (1677) 
S. barberi 82—124 (1047) 
S. edule 70—120 (405T) 
S. narenga 30 (360) 
S. oficinarum D? (459T); _ — 
*S. robustum 60—114 (104+) 
60—144 (169+) 
63—194 (491) 


*Chromosome number recorded differs from previous report (419). 
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S. sinense 116—120 
123 

*S. spontaneum D? (459f) ; 40—128 
81— 82 
48—130 

Sacciolepis 

S. angusta 18 

S. curvata 36 

S. glaucescens 36 

*S. striata 36 

S. typhura 18 


Sasa 

S. nipponica? 48 
Sasamorpha 

S. mollis 48 
Schedonnardus 

S. paniculatus 30 
Schismus 

S. arabicus 12 

S. barbatus 12 
Schizachyrium (see Andropogon ) 


Schmidtia 
S. bulbosa (661) 
S. glabra (663) 
Sclerachne 
S. punctata (106T) 


Sclerostachya 
S. fusca (361) 
(1047) 
Scolochloa 
S. festucacea 28 (372t) 
Sehima 
S. nervosum 34 (529) 
(391) 
40 (113) 


S. spathiflorum 20 (325) 
S. sulcatum 20 (325) 


Semiarundinaria 
S. fastuosa 48 (606) 


*Chromosome number recorded differs from previous report (419). 
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Sesleria 


. autumnalis 
. calcaria 

. coerulea 

. dayliana 

. disticha 

. sadleriana 
. tatrae 

. tenuifolia 
. uliginosa 

. varia 


AnRARANRANANM 


S. almaspicata (663) 
’. autumnalis 36 (604, 609) 
». chevalieri 36 (663) 
54 (403) 
S. chondrachne 38 (471) 
S. excurrens 72 (611) 
S. flabellata 18 (658) 
. geniculata 36 (565) 
S. glauca 36 (546) 
. holstii 36 (503) 
). intermedia 36 (346) 
54 (503) 
S. leucopila A 54, 68, 72 (186) 
S. lindenbergiana 18, 36 (663) 
}. longiseta 18 (403) 
). lutescens 72 ( 66) 
S. macrostachya 54 (186) 
72 ( 67) 
S. magna 36 ( 66) 
). pallidifusca 18 (167T) 
36 (403, 658) 
}. palmifolia 54 (354, 611) 
S. perennis 36 (663) 
\. phragmitoides 36 (403) 
40 (663T) 
54 (663) 
S. plicata 36 (479) 
. scheelei 54 (186) 
S. sphacelata 18 (661 
36, 5 (403 
36 (505, 658, 663) 
56, ( 12) 
67, 
\. splendida 36 (503) 
54 (663) 
63 (403) 
\. superba? 36 (503) 
S. tenuiseta 36 (663) 
. texana 36 (186) 
§. verticillata 54 (503) 


) 
) 


*Chromosome number recorded differs from previous report (419). 
*Secondary citation, 
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S. villosissima A (187); 54 (186) 
S. viridis V (459) ; saa —- 
S. woodii 18 (503) 


Sieglingia 
*S. decumbens (372T) 


Sinoarundinaria 
S. aurea (606) 


Sorghastrum 
S. friesti (see Sorghum friesii) (111) 
*S. nutans (534) 
S. parviflorum (1117) 
S. pellitum (534) 
S. rigidifolium (215) 
S. setosum (565) 
S. stipoides (111) 


Sorghum 


S. aethiopicum (113) 
. australiense 20 (218) 
. bicolor 20 (110) 
. brevicallosum 10 (215) 
. caffrorum 20 (1107) 
caudatum 20 (548) 
cernuum 20 (110T) 
. cons picuum 20 (113) 
. controversum 40 (113) 
. dochna 20 (548) 
durra 20 (110+) 
. drummondi 20 (189) 
elegans 20 (548) 

. fries 40 (403) 
. guinense 20 (548) 
. intrans 10 (113, 213) 
. laxiflorum 40 (215) 
. leiocladum 20 (215) 
. macrospermum 40 (215) 
. margaretiferum 20 (548) 
. matarankense 10 (218) 
melaleucum 20 (110+) 
. membranaceum 20 (548) 
. miliaceum 40 (113) 
. nervosum 20 (548) 
. nigricans 20 (548) 
. niloticum 20 (113) 
. panicoides 20 (110) 
. plumosum 20 (113, 215) 
30 (216) 
. propinquum 20 (113) 
. randolphianum 40 (110+) 
. roxburghii 20 (110) 


S 
§ 
NY 
S 
S. 
S. 
Ss 
Ss 
AY 
8. 
Ss 
8. 
S 
AY 
S 
S 
S 
AY 
S 
S 
S. 
AY 
S 
S 
Ss 
S 
S 
S 
AY 
S 
S 


*Chromosome number recorded differs from previous report (419). 
*Secondary citation. 
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S. stipoideum 10 
S. subglabrescens - 20 
S. timorense 20 
Spartina 
S. maritima 
*S. spartinae 
Sphenopholis 
S. longiflora 
S. obtusata 
Sphenopus 
S. divaricatus 
Spinifex 


S. littoreus 


Spodiopogon 


S. sibiricus 
S. cotulifer as (Eccotlopus 
cotulifer) 


Sporobolus 


*S. airoides 

S. asper 

S. berteroanus 
S. capensis 


*S. cryptandrus 


S. elongatus 
S. festivus 
S. fimbriatus 


’. giganteus 
S. indicus 

). japonicus 
S. neglectus 

y. mitens 

S. panicoides 
S. pyramidalis 


y. smutsii 
’. stapflanus 


S. tremulus 
\. virginicus 


S. wallichii 
S. wrightii 


*Secondary citation. 


(113, 215) 
(548, 633) 
(110+) 


(302) 
(239) 


(239) 
( 67) 


(167T) 


(169f, 618) 


(104, 611) 
(104, 471) 


( 68) 
( 67) 
(479) 
(658) 
(403) 
( 67) 
(239) 
(471) 
(662) 
(663) 
(403) 
(239) 
(653) 
(471) 
( 67) 
(663) 
(403) 
(403, 662) 
(661) 
(663) 
(662) 
(663) 
(1697) 
( 67) 
(662) 
(169T) 
( 67) 


*Chromosome number recorded differs from previous report (419). 
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Stenotaphrum 


S. glabrum=(S. dimidiatum) 
S. secundatum 


Sterochloa 
S. cameronii 


Stipa 

. avenacea 

. ciliata 

. comechingoniana 
. extremiorientalis 
- gynerioides 

. humilis 

. ichu 

. latiglumis 

. lemmoni 

. lettermani 

. leucotricha 

. neaei 

. parviflora 
S. pekinense as (Achnatherum 

pekinense) 

- pennata 

. plumosa 

. retorta 

§. scribneri 

. Spartea 

. Speciosa 

var. macrochaeta 

. tenuissima 

. trichotoma 

. webberi 


XStiporyzopsis 
XS. caduca (amphiploid of 
Oryzopsis hymenoides x 
Stipa viridula) 130 (439) 
Streptochaeta 
S. spicata 22 ( 70) 
Streptogyna 
S. crinita 24 (617, 634) 
Tetrachne 
T. dregei 20 (403, 662) 
Themeda 


T. anathera 20, 22 (391) 
T. australis 20, 40, 60 ( 13) 
T. cymbaria 20 (502) 


*Chromosome number recorded differs from previous report (419). 
*Secondary citation. 
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. japonica 

. quadrivalvis <A ( 75); 
. tremula 

. triandra A ( 75); 


Torreyochloa (see Glyceria) 


Trachypogon 


T. capensis 
T. montufari 
T. secundus 
T. spicatus 


Tragus 


T. berteronianus 


Trichachne 


*T. californica 
T. insularis 
T. patens 


Tricholaena 
T. monachne A ( 75); 


Trichoneura (see Rhynchelytrum ) 
T. grandiglumis 


Trichopteryx (see Loudetia) 
T. dregeana 


Tridens as (Triodia) 


T. albescens 


T. buckelyanus 
. elongatus 
. flavus 
. muticus 


. pilosus 

. pulchellus 
. Sstrictus 

. texanus 


80 
40 
80 
20, 
80 
20, 
40, 
50, 
54, 
68, 
30 
80 


32 
72 
32 
32 
40 
32 
40 
16 
16 
32 
16 
40 


(607) 
(391) 
(391) 
( 72) 
(4847) 
(615) 
(502) 


(658) 
( 68) 
(236) 
(663) 


( 67) 


( 68) 
( 68) 
( 68) 


(658) 


(403) 


(661) 


( 67) 
(239) 
( 67) 
( 67) 
(239) 
( 67) 
(239) 
( 67, 142) 
(239) 
( 67) 
( 67) 
(239) 


*Chromosome number recorded differs from previous report (419). 
*Secondary citation. 
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Triodia (see Tridens) 


Tripogon 


T. japonicus 20 
T. spicatum 20 


Tripsacum 


T. australe 36 
*T. dactyloides D ( 75,196); 45, 54, 90, 
108 


T. lanceolatum 72 
T. maizar 36 
T. pilosum 72 
T. zopilatense 36 


Triraphis 
T. andropogonoides 20 


Trisetum 
T. bifidum 28 
T. flavescens 
28 
T. molle 42 


Tristachya 


T. biseriata 24 
T. welwitschii 40 


Uniola 


U. laxa 24 
U. sessiliflora 24 


Urachne (see Nasella) 


Urelytrum 
U. squarrosum 


Urochloa 
U. bolbodes A ( 75); 
U. brachyura 
U. helpus 
U. mosambicensis 
A ( 75); 


1, panicoides 


. pullulans A ( 75); 

. reptans 

. seligera 

. trichopus A ( 7$)3:°. 14 
. trichopus as (U. trihoppas) 30 


(615) 
(239) 


(106, 552) 


(196) 
(196) 
(106) 
(106) 
(106) 


(658) 


(407, 471) 
(679) 
(679) 
(679) 


(663) 
(403) 


( 67) 
( 67) 


( (663) 


(403) 
(658) 
(429) 
(429, 503) 
(663) 
(403) 
(658) 
(403) 
(503) 
(403) 
(503) 
(503) 
(167+) 
(663) 


*Chromosome number recorded differs from previous report (419). 


*Secondary citation. 
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Vahlodea 
V. atropurpurea 14 (324) 


Vaseyochloa 


V. multinervosa 60 ( 70) 
not 56 as in ( 67) 


Ventenata 
V. macra 14 (167+) 
Vetiveria 
V. filipes (111) 
V. lawsoni (169) 
V. zizanioides (111) 
Vulpia (see Festuca) 
Zea 
Z. mays 20+ B’s 


Zingeria (see Agrostis) 


Zizania 
*Z. latifolia 34 (290) 
Z. texana 30 ( 67, 290) 


Zoysia 
Z. japonica 40 (205, 609) 
Z. macrostachya 40 (205, 609) 
Z. matrella 40 (205) 
Z. tenuifolia 40 (205) 
*Chromosome number recorded differs from previous report (419). 
*Secondary citation. 
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